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On the Evaluation for the education by the Computer Literacy and
Programming introduced newly at Our School

At our school, the subject of computer literacy and programming has been introduced newly

in 1994 year. And, the education has been performed for one year. It is purposes of the paper

that examine results of the education.

Iwao YaAMASHITA and Toyomi KAWAMURA
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PSEUDOCONVEXITY OF A RIEMANN DOMAIN IN
INFINITE DIMENSIONAL PROJECTIVE SPACES

Tatsuhiro HONDA

Ariake National College of Technology,
Omuta, Fukuoka, 836, JAPAN

1. INTRODUCTION

In this paper we shall investigate in the envelope of meromorphy of a Riemann domain over a projective
space.

The Levi problem for infinite dimensional spaces has previously been investigated for less general situ-
ations by many mathematicians. M. Schottenloher [19] solved affirmatively the Levi problem for a domain
over hereditary Lindel6f locally convex spaces with a finite dimensional Schauder decomposition. In particu-
lar a pseudocdnvex domain over a Fréchet space with a Schauder basis is a domain of holomorphy. Therefore
the envelope of meromorphy of a domain (2, ®) over a Fréchet space E with a Schauder basis is a domain
of holomorphy. Especially a domain of meromorphy over E coincides with a domain of holomorphy over E.

J.Kajiwara-E.Sakai [12] proved that the envelope of meromorphy of a domain over a Stein manifold with
respect to a family of meromorphic functions is p7-convex in the sense of Docquier-Grauert and, therefore,
a Stein manifold.

M. Harita [10] showed that the envelope of meromorphy of a domain (€2, ®) over a sequentially complete
locally convex Hausdorff space over C is pseudoconvex.

We investigate in pseudoconvexity of a Riemann domain over a projective space induced from a Fréchet

space with a Schauder basis.

2. NOTATION AND PRELIMINARIES

Let E be a locally convex space, cs(E) be the set of all nontrivial continuous seminorms on E, and (2, )
be a Riemann domain over E. For S C §2, a convex balanced neighborhood V of 0 in E, S+ V C Q if for
z € S, there exists o : ®(z) + V —  such that o o ®(z) = z.

We denote the distance functions dg : 2 — [0, +o0], for a € ¢s(E), and 8q : 2 x E — (0, 40c0], as follows:

d$ (z) = sup({r > 0; there exists a section ¢ : B§(z,r) — Q with o 0 @(z) = z} U {0}),

b (xz,a) = sup{r > 0; there exists a section ¢ : Dg(x, a,r) — Q with ¢ o &(z) = z},

where for £,a € E and r» > 0 we write
B r)={{+bbe E,a(d) <r}

Dg(¢,a,r) ={£+Aa; X € C,|A| < r}.

If d&(z) > 0, then for each z € Q and r € (0,d%(x)], there is an unique set Bg(z,r) C  containing z
such that ® : BZ(z,r) — B%(®(x),7) is a bijection. Likewise, for each z € 2,a € E and r € (0, 6a(z,a)],
there is an unique set Dgq(z, a,) C  containing z such that ® : Dg(z, a,7) — Dg(®(x),a,r) is a bijection.



8 Pseudoconvexity on infinite dimensional projective spaces

The function dg(z) is continuous, the function 8q(z, a) is lower semicontinuous, and they are related by the

formula
8(2) = inf{6a(=,a);a € F,ala) = 1}.

The domain 2 is said to be pseudoconvez if the function — log éq is plurisubharmonic on Q x E.
For a subset K of E, we set

Kps(my = {z € Q; [h(z)| < zsg};; I|h(2)] for every h € PS(E)}.

Proposition 1. ( P. Noverraz [17] ) Let E be a locally convex space and (2, ®) be a Riemann domain over

E. Then the following conditions are equivalent :

(1) 9 is pseudoconvex.

(2) d3(Xps(a)) = dg(X) for X C Q,a € cs(E).

(8) For all K CC Q, there exists a € cs(E) such that d(Kpsa)) > 0.

(4) For each finite dimensional subspace F of E and each relatively compact subset K of ®~1(F),
K ,s(@-1(F)) is relatively compact in ®~1(F).

(5) For each finite dimensional subspace F' of E, ®~1(F) is pseudoconvex.

We conclude with a few remark on a Schauder basis. Let E be a Fréchet space. (en) is said to be a
Schauder basis, if for all z € E, we represent z = 5> ; £(z)en.
Let Ep be the linear span of {e1,--- ,en}, Tn : E — Ep be the canonical projection. Then E has a

fundamental sequence of continuous seminorms a; with a; = sup,, o o Tr,.

3. ENVELOPE OF MEROMORPHY

Now we shall define a meromorphic completion, an envelope of meromorphy, and a domain of meromorphy.
Let (2, ®) be a domain over a locally convex space E, and f be a complex valued function defined in
Q except on an exceptional variety X, where X is closed and nowhere dense in €2, and for every connected
neighborhood U of an arbitrary point on X, U \ X is connected. Then f is said to be meromorphic on 2 if
(1) fis analyticon Q\ X
(2) for a point z in X, f is unbounded in each neighborhood of z in Q
(3) at every point a in ©, there exists a neighborhood U, and two analytic functions ga, ke on U, such
that go = haf on Us \ X and gq, he are coprime on U,.
ga and hg are called the local numerator and denominator of f at a respectively. They are uniquely
determined apart from unit factors.
ho f is prolongeable holomorphically all over U, including X. Since g, and h, are coprime and f = Z—a
on U, \ X, we have X NU, = {z € Ug; ha(z) = 0}. We set ¢

S(fa Ua) =] {‘L' € Ua;ha(x) = 0}

ID(f,Ua) = {z € Ua; ha(z) = ga(z) = 0}

P(f,Ua) = {2 € Ua; ha(z) = 0,ga(x) # 0}.
S(f,Ua), ID(f,Ua), P(f,Ua) are independent on a choice of g, and he. We set S(f) = U S(f,Ua),
ID(f) = agﬂ ID(f,U,) and P(f) = agﬂ P(f,Uy). Elements of S(f), ID(f) and P(f) is called e

singular points of f, indetermination points of f, and poles of f respéctively. We have X = S(f). A point
of the set Q \ X is called a holomorphic point.
Let (Q', ®') be an other domain over E, and X be an analytic mapping of  in Q' satisfies ® = ® o). Let f

be a meromorphic function on . A meromorphic function f’ on Q' with f = f/ o\ is called @ meromorphic
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continuation of f to (A, Q',®’). Let § be a family of meromorphic functions on Q. If any meromorphic
function of § has a meromorphic continuation to (A, 2/, ®'), (), Q’, ®’) is called a meromorphic completion
of (A, Q, ®) with respect to the family §. A meromorphic completion (5\;, ﬁ;, 5;;) with respect to the family
F is called an envelope of meromorphy of (A, Q, ®) with respect to the family ¥ if the following conditions
are satisfied :

Let (M, Q/,®') be another meromorphic completion of (€2, ®) with respect to §. Then there

exists a mapping ¢ of (2/,®’) in (ﬁ;, ‘i;;;) with S\E = 1 o X such that (3, 6&, 43}) is a mero-

morphic completion of (£/, ®') with respect to the family § of meromorphic continuation of all

meromorphic functions of .

If §’ is the family of all meromorphic functions of (2, ®), (X;, 6}, CIF;f) is called an envelope of meromorphy
of (©2,®). The envelope (5\; . S:l;, 5}) of meromorphy of (€, ®) with respect to the family consisting of only
f is called the domain of meromorphy of f. A domain over E is called a domain of meromorphy if it is a

domain of meromorphy of a meromorphic function.

Theorem 2. ( P. Noverraz [17], M. Schottenloher [19], M. Harita [10] )
Let E be a Fréchet space with a Schauder basis and (2, ®) be a Riemann domain over E. Then the
following conditions are equivalent :

(1) (Q,®) is pseudoconvex.

(2) For each finite dimensional subspace F' of E, ® 1(F) N is pseudoconvex.

(3) (,®) is a domain of holomorphy.

(4) (Q,®) is a domain of existence.

(5) (Q,®) is a domain of meromorphy.

(6) (2, ®) is an envelope of meromorphy of with respect to a family of meromorphic functions on a
Riemann domain over E.

(7) Let My = {(21,22) € C2;|z1| < 1,z = 0} U {(21,22) € C2;|z1[ = 1,22 € [0,1]} and My =
{(z1,22) € C?%|z1| £ 1,22 € [0, }U{(21, 22) € C?;|z1| = 1,22 € [t,1)}. If f is a holomorphic map-
ping of a neighborhood of My into §2, then f can be holomorphically continued to a neighborhood
of M;.

4. COMPLEX PROJECTIVE SPACES

Now we introduce the projective space. Let E be a locally convex space Let z and z’ be points in E \ {0}.
z and 2’ are called to be equivalent if there exists A € C* such that z = Az’. We denote by P(E) the quotient
space of E \ {0} by this equivalent relation. Then P(E) is a Hausdorff space. The Hausdorff space P(E)
is called the complex projective space induced from E. We denote by g the quotient map from E \ {0} to
P(E). For any & € E \ {0}, we denote by [¢] the equivalent class of £. Let E’ be the complex vector space
of all continuous linear mappings from E to C. We set

S = {(f,a) € E' x E; f(a) # 0}
For each f € E' \ {0}, we define a hyperplane E(f) of E and an open subset U(f) of P(E) by
E(f)={£ € E;f(§) =0},

U(f) = {[¢] € P(E); f(£) # 0}
respectively. For every (f,a) € Sg, we define a homeomorphism ¢ (¢,4) of U(f) onto E(f) by
h 1
e (5,a)([E]) = @5 ~ @
for every [£] € U(f). Then {U(f),¥(f,a)}(f,0)csy defines the complex structure of the projective space
P(E).
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Definition 8. Let E be a locally convex space and (w, ) be a Riemann domain over the complex projective
space P(E) induced from E. Then the Riemann domain is said to be pseudoconvex if for each (f,a) € Sg,
the Riemann domain (¢~ (U(f)), ¢(5,a) © ¥lo—1u(s)) over E(f) is pseudoconvex.

The following theorem is on M.Nishihara [16].

Theorem 4. Let E be a separable Fréchet space with a Schauder basis and (w,¢) be a Riemann domain
over the complex projective space P(E) induced from E. We assume that w is not homeomorphic to P(E)
through ¢. Then the following statements are equivalent :

(1) w is pseudoconvex.

(2) For each finite dimensional subspace F' of E, ¢~ 1(F) N is a Stein manifold.

(3) w is a domain of holomorphy.

(4) w is a domain of existence.

5. PSEUDOCONVEXITY

Proposition 5. Let E be a sequentially complete locally convex space and (w, ) be a Riemann domain

over the complex projective space P(E) induced from E. We set

Mo = {(21,22) € C?;|z1]| € 1,22 = 0} U {(21, 22) € C3;|21| = 1,22 €[0,1]}

M = {(21,22) € Cz; |z1| <1,z € [O,t]}U {(z1,22) € (Cz; |21| =1,z € [t,1)}.

Let g be a holomorphic mapping of a neighborhood of My into w. We assume that if for each (f,a) € Sg,
there exists a 2-dimensional subspace F of E(f) such that o g is a homeomorphism of a neighborhood of
My into F, then g can be holomorphically continued to a neighborhood of M. Then w is pseudoconvex.

Proof. We assume that w is not pseudoconvex. Then there exists (f,a) € Sg such that (<p_1(U(f)),<p(f’a) )
®lo—1(w(s)) over E(f) is not pseudoconvex. Therefore the function —logéw(z,a) is not plurisubharmonic
on ¢~ 1(U(f)). We put @(#,a) = P(f,a) © ¢ Then there exist a point 2o € @~ (U(f)), an open neighborhood
U(zo) of zp and an open neighborhood V(&(5,q)(20)) of &(f,q)(20) such that

(1) —logéw (%fa) (w), a) is not plurisubharmonic on V(&y,a)(20))-

(2) @(f,a) is @ homeomorphism of U(zo) onto V(&(y,q)(20))-
For every w € V(&(;,q)(20)), we put 5(w) = 6o (G(_fla) (w),a). Then there exist a point zo € U(zp), a point
be E(f)\ {0}, r > 0,0 € C and a polynomial P()\) of complex variable A such that

(1) Du(@(£,0)(20),7) C V((£,a)(20))-

2) ol <r.

(8) —1logé(@(5,a)(x0) + Ab) < ReP(A) for |Xo| =r.

(4) —log 6(6(f,a,) (zo) + Aod) = ReP(Ao).
Therefore

8(B(,a(@0) + Ab) > |e™ PP
and for |Ao| =7,
8(%(s,a) (@0) + Aob) = =P (R0)], (5.1)
We considfr a holomorphic mapping ¥ of a neighborhood of A = 0 into w defined by ¥ : X — 6(}1,“) (Z(#,qa) (=0)
+X0b + A6(P(5,q)(zo) + Aob)a). Then ¥ can be holomorphically continued to {Ao € C;|Xo| < 1} but can
not be holomorphically continued to a neighborhood of A = eY~1¢ for some § € [0,27). By (5.1), for
(21,22) € {(21,22) € C?;|z1| =, 22 € [0,1]}, we have

22~ F()| < 7P| < §(B(4,0) (20) + 210),
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and for (21,22) € {(z1,22) € C2;|21| < 7,22 = 0}, we have ze~F(#1) = 0. Therefore a holomorphic
mapping ¥ of a neighborhood of (0,0) € C? into w defined by % : (z1,22) — 4561‘0) (@(#,a)(0) + 215+
zge—P(z1)+v=T1(60+6) a) can be holomorphically continued to a mapping of My into w, where 6p is the
argument of eP(*0)_ Since a and b are linearly independent, {5 = 4'5( f,a) © 1 is an injective open mapping of
a neighborhood of My into {z1a+ 2z2b; z1, z2 € C}. By the assumption, ¢ can be holomorphically continued
to a neighborhood of M.

On the other hand, for 21 = Ag, z2 = 1, we have

206~ P(21)+V=T1(60+0) _ E(g(f’a) (z0) + )\ob)e‘/'_le.
Therefore 9 can not be holomorphically continued to a neighborhood of (Ag,1). This is a contradiction.
Thus w is pseudoconvex. [
Theorem 6. ( M. Harita [10] ) Let E be a sequentially complete locally convex space and e, and ez are
linearly independent vectors of E. We set
M = {z € E;z = z1e1 + 22e2, |21| < 1,22 =0} U {z € E;z = z1€3 + 2z2€e2, |21| = 1,22 € [0,1]}
and
P={z€ E;z=z1e1+ ze3,|z1| < 1,22 €[0,1]}.

If g be a meromorphic function on a neighborhood of M into w, then g can be meromorphically continued

to a neighborhood of P.

Proposition 7. Let E be a locally convex space, (w,y) be a Riemann domain over the complex projective
space P(E) induced from E, § = {g;;i € I} be a family of meromorphic functions on w, and (Xg,ﬁ;’;’,%) be
the envelope of meromorphy of (w, ) with respect to the family §. Then &F is pseudoconvex.

Proof. Let e; and ez are linearly independent vectors of E(f) for (f,a) € Sg. Let M and P be as Theorem
6. Let 1 be a holomorphic mapping of an open neighborhood Up of Mp into &g such that ¢y qy © @5 0%
is homeomorphism of Uy into the complex linear span < e1, e2 >. We denote by F' a complement subspace
of < e1,e2 > in E(f). We set Vo = ¥(Uo), @(f,a) = ¥(f,a) © Pg» Wo = &(#,a)(Vo). Then there exists a
neighborhood Vp of 4(Mo) in Wz and a neighborhood W{ of &(s,4) 0 ¥(Mo) in < e1,e2 > with W C Wp
and a continuous seminorm a on F' such that &(¢,,) [—VE is homeomorphism of Vo onto W{ + B%(0,1). We
set U = (& f,a)|—‘70f 04)~1(W}) and denote by T the canonical isomorphism of C2 onto < e, ez > defined
by 7(z1,22) = z1€1 + z2e2 for every (21,22) € C2. Then there exists a € > 0 such that

{z1€1 + z2€2;5|z1] <1 +¢,|22| e} U{z1€1 + 22e25]z1| =1+ 6, —e < Rezg < 1+4¢,—& < Imzg < e}
is contained in T(Ug) + B%(0,1). For every y € [—¢, €], we set

M(e,y) = {z1e1 + 22e2;|21] < 1 +¢,22 = V—-1y}
U{zie1 + zen;|z1| =1+46,22 =z +vV—1y,—e <z <1+¢}

and
P(e,y) = {z1e1 + z2e2;|21| < 1+ 6,20 =z +V-1y,—e <z <1+¢}

For every z +w € T(U}) + B%(0,1), we set
Y(z+w) = (§(f,a) l{,;)—l(ﬁ(f,a) oot (z) +w).
Then ¥ is homeomorphism of T(U}) + B(0, 1) into wg satisfying ‘I’|r(U6) =1 o171 on T(Uj). We set

W = {z1e1 + z2e2; || < 14+ €,22 =2+ V-1ly,—e <z <1l+e,—e<y<e}+ BE0,1)
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and U = (7(U}) + B%(0,1)) U W. Then §(f,4) © ¥ can be holomorphically continued to T: W — E(f).
Moreover V¥ is a locally homeomorphism of W into E(f).

Let g; € §, g: be its meromorphically continuation to (@g,pz). We put h;(w) = g; o ¥(w) for every
w € U, then h; is meromorphic on U. For every y € [—¢, g]landw € BE(0,1), we set M (y,w,e) = w+ M(y, ),
P(y,w,e) = w+P(y,e). By Theorem 6, each h; is meromorphically continued to a neighborhood of P(y, w, ).
Thus there exists a meromorphically continuation fz; of h; to W.

We consider the sum space &g UW and identify a point z € Wz with a point w € W if §(5,q)(2) = U (w) and
(3)= = (h;)=, where (gi)> means the germ of meromorphic functions at a point z defined by a meromorphic
function (gi).. Then we see that v is holomorphically continued to a neighborhood of M. Hence, by

Proposition 5, Wy is pseudoconvex. [

Theorem 8. Let E be a separable Fréchet space with a Schauder basis and (w, ) be a Riemann domain
over the complex projective space P(E) induced from E. We assume that w is not homeomorphic to P(E)

through . Then the following statements are equivalent :

(1) w is pseudoconvex.

(2) For each finite dimensional subspace F of E, ¢~1(F) N Q is a Stein manifold.

(3) w is a domain of holomorphy.

(4) w is a domain of existence.

(5) w is a domain of meromorphy.

(6) w is an envelope of meromorphy of with respect to a family of meromorphic functions on a Riemann

domain over P(E).
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ON THE SMOOTHNESS OF A
BOUNDARY DISTANCE FUNCTION

Fumitoshi SAKANISHI

Ariake National College of Technology, Omuta 836, Japan

ABSTRACT. In this paper, we prove that the boundary distance function induced by a Rieman-
nean metric on a domain D C R™ is Cl-smooth on D except a measure zero closed subset in
D.

1. PRELIMINARIES

Let e be the Euclidean metric of the Euclidean space R, D C R™ be a bounded domain, and g := (gpe(z))
be a Riemannian metric of D. We set < a,f >g:= tagB, |a|y =< o, >;/2 for a, 8 € R™. Then we
remark that if & # 0, 8# 0 and o # B, then |a + B|g < |a|g + |Bg-

We denote P the set of the piecewise smooth path in D which is contained in D except both end points,
and denote £4[X|%] the length of X |2 € P with respect to g, that is to say,

P:={X:=X|% | X : [a,b] — D;piecéwise smooth, X((a,b)) C D, a,b € R},

b -
£4[X %] ==/ [X () g(x () dt-

We remark that it may be £4[X (8] = +oo for some X|% € P with X(a) € 8D.

For z,y € D, we define the distance of z and y with respect to g as
dg(z,y) = inf{£g[X[3] | X|% € P, X(a) =z, X(b) =y}

Then it hold that dg(z,2) = 0, dg(z,y) = dg(y,z) and dg(z,y) < dg(z,2) + dg(z,y) for any z,y € D and
2z € D. The third inequarity is shown as follows. If the right hand is infinite, then the inequarity is trivial,
so we may assume that both dg(z,z) and dg¢(z,y) are finite. For arbitrary € > 0, there are X,Y € P
such that X(a) = z,X(}) = Y(b) = 2,Y(c) = v and £[X[3] < dg(x,2) + &,£,[Y[F] < dg(z,y). We set
Z|¢ := X|%+Y§, then we have Z|S € P and Z(a) = , Z(c) =y, so dg(z,y) < &[Z|5] = Lg[X|5] +£,[Y]E] <
dg(z,z) + dg(2,y) + 2¢ hold for any € > 0.

We denote Bg(x,§) the ball with the center  and the radius 6§ with respect to g, that is to say,

Bg(x,8) :={y € D | dg(y, ) < 6}

Then it holds that for zg € D and 6 > 0, there is M such that Be(zo,6/M) C Bg(xo,6) C Be(zo, M$).
We treat the geodesic. X € P is called the geodesic, if X is smooth, and satisfies the O.D.E. Xp(t) +
3 g™P(X(t)IE (X (£))Xq(t)Xr(t) = 0 for any 1 < p < n, when |X(t)[g(x(t)) = 1. Here (gP9) := g—! and

m,gq,r
T (Bgmq Ogmr  Oggr

T g\ Gar Oxq  8Tm

). The following Proposition about the geodesic is known.
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Proposition 1. The following (1), (2) and (3) hold.
(1) IfX € P with | X|g = 1 satisfies £5[X|8] = dg(X (a), X (b)), then X|’ is the geodesic.
(2) If X is the geodesic, then £4[X|%] = dg(X (a), X (b)) holds for any a,b such that |a — b| is small
enough.
(3) If X is the geodesic and § > 0 small enough, then < £, X (a) >g(X(a))= 0 for any tangent vector &
of 8Bgy(X (a — 6),6) at X(a).

And we have the following Lemma.

Lemma 1. Let X,Y be geodesics with X(0) = Y (0). If X(0) # Y (0), then we have dg(X(—6),Y (6)) < 26
for § > 0 small enough.

Proof. Weset z := X(0) = Y(0), a := X(0),8 := Y(0), ¢ := lelg(z) +18lg(@) —la+Blgz) = 1+1—|a+Blq4(z),
then we have ¢ > 0, since a # 8. We put Z(t) := (1—t)Y (—6)+tX (6), then it hold that Z(0) = Y (=6), Z(1) =
X (6), so Z|3(t) = = +o(1) holds as § | 0. And Z(t) = X(6) — Y(=6) = (¢ + at) — (z + Bt) + O(62) =
&§{a+ B+ O(8)} bolds. Then we have |Z-(t)|§(z|é(t)) = Zt){g(ZI5(8) — 9(2)}Z(t) + IZ(t)lz(m) =|Z@)32-
o(1) + | Z()2 ) = Bla+ B+ OB - o1) + 82l + f+ OB)yy = 8 - o(1) + 62{Ja + B2y +0(1)} =
82{(2 — ¢)®> + o(1)}. So |Z(t)|g(z|g(t)) < 26 holds for § > 0 small enough, since 0 < ¢ < 2. Hence we have

dg(X(6),Y(=8)) < £5[Z13] = [y 1Z(®)g(zeydet < [ 26dt =26. O
Now we define the boundary distance function T'(z) with respect to g:
T(z) := inf{dg(z,y) | y € 6D}.

The following facts about T'(z) are shown simply. First, T'(y) < dg(y, z) + T(z) holds for any z € D,y € D.
Because it is trivial, in case right hand is infinite. In case both dgy(y, ) and T'(z) are finite, for any &, there is
z € 8D such that dg(z, 2) < T(z) +¢. Then T(y) < dg(y,2) < dg(y, z) +dg(z, z) < dg(y,z) +T(z) +¢ hold.
Next, If there is zo € D with T(zo) < 400, then T(z) < 400 holds for any z € D and T'(z) is continuous
on D. Because we have T'(x) < T'(xo) + dg(wo, ) < +00. And |T(y) — T(z)| < dg(z,y) < M|z — yle hold
for y near « and some M < +o0, since T(y) < dg(y,z) + T(z) and T(z) < dg(z,y) + T(y) hold.

In blow, we assume that there is zg € D with T(zg) < +oo.

We remark that T'(z) may not be continuous on D, when we define T'(y) = 0 for y € 8D.

For t > 0, we denote D; the set of points in D whose boundary distance with respect to g is greater than
t, that is to say,

Di:={z€D|T(z) >t}

Obviously, we have Do = D. But we remark that it may be Dt N 8D # 0 for ¢t > 0.

We give a Lemma about D;.

Lemma 2. For ¢ € D, we have that By(z,6) N 0Dr(z)+s = @ and 8Bg(2,6) N 8Dp(zy_s # O for any
0< 6 < T(x).

Proof. We set T := T(z). Assume that there is z € By(z,6) N 0Dp_s, then we have T = T(z) < dg(z,z) +
T(2) < 6+ (T —8) =T, this is a contradiction. Assume that there is z € Bg(x,8) N D15, then we have
T+ 6 =T(z) < dg(z,z) +T(x) < 6§+ T, this is a contradiction. Assume that 8By (z,8) N dDr_s = 0, then
e := min{dg(z,2’) | 2 € 8By(x,6),2' € 8Dr_s} is positive. Let X|¢ € P with X(a) € 8D and X(d) = =,
and let z € {X|¢} N8By(z,8), 2/ € {X|2} NODr_s Then we have £5[X|%] > dg(X(a),2) + dg(z,2') +
dg(2',X(d)) > (T —6) +e+6=T+e¢, so we get T = T(z) = inf{£y[X|%] | X(a) € 8D, X(d) =z} > T +e,
this is a contradiction. O
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2. SMOOTHNESS OF BOUNDARY DISTANCE FUNCTION

In this section, we will prove that the boundary distance function T'(z) is C'-smooth on D except measure
zero closed set.

First, we show the existence of the geodesic which give the boundary distance.

Lemma 3. For anyz € D, there are § > 0 and a geodesic X|§E:§_5_such that X(T(z)) =z and T(X(t)) =t
hold for any ¢t with T'(z) — 6§ <t < T'(z).

Proof. We set T := T'(z). By Lemma 2, for any 0 < § < T', there is z € By(z,6) N 8Dp_s. By Proposition
1 (2), if § > 0 is small enough, there is a geodesic X|g_5 with X(T) = z and X(T' — 6) = z. Then we
have T'(X(T)) = T and T(X(T — 8)) = T(2) = T — é. Assume that there is T' — § < to < T such that
T'(X(t0)) # to. We set t1 := T(X(t0)). In case to < t1, we have t; = T'(X (to)) < dg(X(to), X (T — 8)) +
T(z) = {to — (T — )} + (T — 6) = to, so this is a contl_'a.dictio‘n. In case t1 < to, we have T = T(z) <
dg(X(T), X (t0)) + T(X (to)) = (T —to) + t1 < T, so this is a contradiction. Hence T'(X(t)) = t for any
T_6<t<T. O

Lemma 4. For any = € D, there is the geodesic X|g‘(m) such that X (T'(z)) = z and T(X(t)) = t hold for

any t with 0 <t < T(z).

Proof. We set T := T(z). By Lemma 3, there is b < T and a geodesic Y|g' such that Y (T) = z and
T(Y(t)) =t for any b < t < T. Let X|I be an extension geodesic of Y, that is to say, X is a geodesic,
X(t)eDfora<t<Tand X(t)=Y(t) for b<t <T. We set ¢ :=inf{c’ | T(X(t)) =t for any ¢t with ¢/ <
t <T}. Assume that ¢ > 0. Then T'(X(c)) = ¢, since T and X are continuous. By Lemma 3, for X(c) € D,
there are § > 0 and the geodesic Z|S_, such that Z(c) = X(c) and T(Z(t)) =t for any t withc— 6 <t <ec.
Assume that Z(c) # X(c), then dg(X(c+¢),Z(c — €)) < 2¢ holds for some £ > 0 by Lemma 1, so we have
ct+e=T(X(c+¢e) <dg(X(c+e),Z(c—¢e))+T(X(c—¢)) <2+ (c—¢&) = c+e, this is a contradiction,
hence it must be Z(c) = X(c). Then Z(t) = X(t) for c—e < t < ¢, so T(X(t)) = T(Z(t)) = t for
¢ — e <t < c. This contradicts the definition of c. Hence we have ¢ = 0, that is to say, T(X(t)) =t for any
twith0<t<T(z). O

‘We denote G the set of the geodesic in Lemma, 4, that is to say, for z € D,

Go = { X[7™) | geodesic, X (T(a)) = 2, T(X(¢)) =t for any with 0 <t < T(w)},
where 7(X) :=sup{t | X(¢t) € D}.

We have some facts about Gz. Let X € Gz. (1) T(X(¢)) < t holds for any ¢t with 0 < t < 7(X),
since T'(X (t)) < dg(X (), X(T(z))) + T(z) = (t — T(z)) + T(z) = t hold for t with T(z) < t < 7(X). (2)
if there is to with T(z) < tg < 7(X) such that T(X(¢0)) < to, then T(X(t)) < t holds for any t with
to <t < 7(X), since T(X(t)) < T(X(t0)) < dg(X(t), X(t0)) + T(X(t0)) < (t —to) +to =t. (3) if there is
to with T'(z) < tg < 7(X) such that T'(X (to)) = to, then T(X(t)) =t holds for any t with 0 < ¢ < tg, since
t 2 T(X(t)) = T(X(t0)) + dg (X (to), X(t)) =20 — (o — 1) = 1.

We define the subset W in D as follows:

W:={ze€D|T(X()) <tfor any t with T(z) < ¢t and for any X € G, }.
‘We mention the properties of W.
Lemma 5. Let z € D,Z € G, and 0 < T < T(z). Then Z(T) ¢ W and Gz(ry = {Z} hold.

Proof. We set z := Z(T). We have Z € Gz,T(z) > T(z) and T(Z(T(2))) = T(z), so z ¢ W, by the
definition of W. Let X € G5. Assume that X (T') # Z(T), then dg(Z(T + 6), X (T — &)) < 26 holds for some
0< 6§ < T(z) — T by Lemma 1, so we have T +§ = T(Z(T +6)) < dg(Z(T + 6), Z(T — 8)) + T(Z(T — §)) <
26 + (T — 6) = T + &, this is a contradiction. Hence we have X (T') = Z(T) which leads X = Z. O
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By this Lemma 5, we have that if £ € D\W, then G has an only one element. Because if x € D\W,
then there is X € G such that T'(X (ty)) = to for some tg > T'(z) by the definition of W. We set z := X (t0),
then we have X € G, and T'(z) < T'(2). So Gz = {X} holds.

We denote X [z] the unique geodesic which is belong to Gz for z € D\W, that is to say,

Gz = { X|[z] } for z € D\W.

We show that X [z](T(z)) is continuous.
Lemma 6. X[z](T(z)) is continuous.

Proof. We set m(z) = X[xz](T(x)). Assume that there are a sequence z, € D\W and ¢ € D\W such
that z, — = and m(zy) — a # m(z). We set T := T(z). Let X|I be a geodesic such that X(T) = z and
X(T) = . Then X[z,] and X are geodesics with the initial conditions X[x,](T(zy)) = z, — = = X(T) and
X[z](T(z0)) = m(z,) — o = X(T), so we have X|[x,](t) — X (&) for any t with 0 < ¢ < T, by the regularity
of the solution of the O.D.E. with respect to the parameter z,. Hence T(X(t)) = uEI-{-loo T(X[z,](t)) =

lim t=thold. This means that X € G. So we have {X, X[z]} C Gz, since X(T) = o # m(z) = X[z|(T),

v—+o0

this contradicts that z ¢ W. O

We give the following Lemma about the measure of W. We denote dV the Euclidean volume element of
R‘I’L

Lemma 7. W is measurable and deV =0

Proof. We set ¢n(z) := max %q)ﬁ

:= min{1/n, T(z)/2}. Then ¥n(z) is continuous and %n(z) < 1 on D, since T(z) — T'(z) < dg(z, 2) = rn(z)
hold for z € 8By(z,rn(z)). When © € D\W, we set z := X[z](T(z) + rn(z)), then there is n such
that T'(z) = T(z) + rn(z), so Pn(z) = 1. Conversely, if x € D satisfies ¥n(z) = 1 for some n, then
there is z € 8Bg(x,mn(x)) with T(2) = T'(z) + rn(z). By Proposition 1 (2), there is a geodesic Z with
|Z(t)|g(z(t)) =1 and Z(T(z)) = z, Z(T(2)) = z, when n is large enough. Assume that X(T(z)) # Z(T(z))
for any X € Gg, then T(z) < dg(z,z) + T(z) = T(2) hold by Lemma 1, this is a contradiction, that is to say,
there is X € G, with X(T(z)) = Z(T(x)), so T(X(T(2))) = T(z) holds, it means that z € D\W. Hence we

+oo
have W = [} {z € D | ¥n(z) < 1}, so W is measurable.
n=1

| z € 8Bg(z, rn(z))} on D, where rn(z)

Next assume that [zdV > 0. Then there is an open set U C W. Let z € U,Z € G,,T < T(z) with
y 1= Z(T) € U, then y ¢ W holds by Lemma 5. We set o := X[y](T). Then there is § > 0 such that
|X(T(z)) — ale < /6 for any X € G, and any = € Be(y, 26) C U. Because if there is z, and X, € G such
that 2, — y, and X, (T(z)) — B # a. Let Xoo be a geodesic with |Xoeo|g = 1 and Xoeo(T) = y, Xeo (T) = B.
Then X, (t) — Xoo(t) holds, so T(Xoo(t)) =t holds for any 0 < ¢ < T, that is to say, we have Xoo € Gy.
This contradicts that y ¢ W. Now let H be a hyperplane through y with < o, H —y >e= 0. We set
He := H —ca,B := Be(y,6),I'c :== {X(t) | X € Gy,y¥’ € HNB} N H.. Then thére is ¢ > 0 such that
I':=TI¢ C Be(y,26). By Lemma 5, we have I' C D\W. For z € T, there is s(z) such that X[z](s(z)) € HNB.
We set ¥ : I' - H N B;z — X|[z](s(z)). Then ¥ is onto, and C* by the regularity of the solution of the
O.D.E.. SoT is closed and [.dS > 0, since [i,|det ¥’|dS > [, 5dS > 0, where dS is a surface element
of ' or H N B induced by the Euclidean metric of R*. Then there is an open set U’ C R™ such that
IM:=U'NH: CT C D\W. We set Q := {X[z](t) | T(z) <t < T(z) + ¢,z € I'}. Then Q is open and
we have QN H = 0,Q C Be(y, 26) for some ¢’ > 0 small enough, since X[z](T(z)) is continuous on IV by
Lemma 6. And Q C D\W by Lemma 5. This is a contradiction, because 2 C Be(y,26) CUCW. O

Now we show the smoothness of the boundary distance function T'(z).
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Theorem 1. Let T'(z) and W be as above. Then T(z) is C*-smooth on D\W.

Proof. We fix o € D\W arbitrarily. Let § > 0 and M < 4co be real numbers such that Bg(zo,36)NW = 0
and dg(z,y) < Mde(z,y) for any z,y € Bg(zo,26). We set m(z) := X[z](T(z)), C(r) := sup{|m(z) —
m(y)|e | z,y € Bg(zo, 26) with dg(z,y) < r}. Then we have C(r) — 0 as r | 0, since m(z) is continuous, by
Lemma 6. For z € By(o,6), we set T := T'(z),y := X[z](T + 6),m := X[z](T) = X[y](T), and let s € R
with |s| < 8. Then we have

IT'(z + sm) — (T + 5)| < |T(z + sm) — T(X[Y)(T + 3))| < dg(z + sm, X[y|(T + s)
< M|(a+ sm) — X[g)(T + 5)le

=M sm—-/(; X[y)(T +t)dt

e

S . sl
= | ["m - xBiT+ oper] < v [T c(ear
= M-C(s) - |s|- ’ 1)

Next we set B_ := Bg(X[y|(T — 6),6) and By = Bg(X[y|(T + 6),6). Then we have B_ N 8Dt =
B4 N&Dr = 0 and {z} € 8B_N8Dr = 8B4+ NODT, by Lemma 2. Let H be the tangent space of By at z,
and § € H with [§]yz) = 1. We set Y (u) := 2+ s +wm and L := {Y(u) | ju| < |s|}. Let u—,ut,uo €R be
real numbers such that Y (u_) € 8B_NL,Y (uy) € 8B4 NL and Y (ug) € 8D N L. Then there is N < 400
which is independent of z € Bg(zo, §) such that |Y (uo) — Y(0)|e < |V (u4) — Y (u—)|e < N - s2. So we have

IT(z + s§) — T| = |T(¥Y(0)) — T(¥ (uo))| < dg (Y (u0), Y (0)) £ M|Y (ut) — Y (u—)le
< MNs2. 2

Now we fix a natural number ¢ with 1 < ¢ < n. Let e; € R™ be a unit vector such that ¢-th component
is 1, and a,b € R be real numbers with e; = a€ + bm(zo), where £ € H is tangent vector at zg. We set
z :=zg + sa€ and ¢’ := &+ sbm(z). Then we have

|T(zo + ses) — T(z')| = |T(z + sbm(zo)) — T'(z + sbm(z))|
< dy (3 + sbm(20),@ + sbm(z)) < Mlsbl|m(z) — m(s0)]c
< M- C(|sal) - |sb],
IT(@") = T(@) — sb| = [T(a -+ sbm(s)) — {T(s) + sb}|
< M - C(|sb]) - |sb, (by (1))
IT(s) — T(s0)| < [T(s0 + sa) ~ T(zo)| < MN|saf?. (by (2))

So we have
T(zo + se;) — T(zo) y| < |T(zo + se;) — T'(z) — sb|

s ]
< MIblC(|sal) + M|B|C(jsb]) + MN]s|a?

—0ass—0,

that is to say, T'(z) is partially differentiable at zg, and gzi(xo) = b. On the other hand, we have
o

te;g(zo)m(zo) = a t%%ga:o)m(a:o)—f-b tm(zo)g(zo)m(zo) = b, by Proposition 1 (3). So (dT")(zo) = g(zo)m(zq)

holds, where dT := ——. This holds for any zo € D\W. Hence we have (dT)(z) = g(z)m(z), so dT is con-

z
tinuous, since g(z) and m(z) are continuous. O

From the proof of this Theorem, we have the following Corollary.
Corollary 1. dT = gm and *(dT)g(dT) =1 hold.

Proof. Because we have *(dI)g~1(dT) = 'm tgg~lgm =< m,m >g4=1.
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Geometric Constructions of the Coefficients, Foci, Eccentricities, Directrices
from the Graphs of Standard Equation of Proper Quadratic Curves

In a coordinate plane, given the equations y2? = 4pz, £2/a?+y2 /b2 = 1, and 22 /a2 —y2 /b2 =

1, then as the graphs of these equations we have a parabola, ellipse, and hyperbola respectively.

In this paper, we consider the converse problem of the statement. Given a graph of the standard

equation of each of proper quadratic curves, i. e. parabola, ellipse, hyperbola, then we construct

geometrically the unknown coefficients, foci, eccentricity and directrices of the curve, For this

geometric construction we use the segments calculation by D. Hilbert, and a description of circle

in some cases.
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Prediction of Vapor-Liquid Equilibria under Reduced Pressures
by Wilson Equation and ASOG Model

¥ 4

Vapor-liquid equilibria under reduced pressures were correlated by using liquid-phase activity
coefficient equations. Several binary systems were studied. Those systems are heptane (1)-toluene
(2) system (nonpolar-nonpolar mixture), 1-butanol(1)-ethylbenzene (2) system (polar-nonpolar
mixture; azeotropic mixture), ethanol (1)-water (2) system (polar-polar mixture; azeotropic mix-
ture), and water (1)-1, 4-dioxane (2) system (polar-polar mixture; azeotropic mixture).

Both Wilson equation and ASOG model were applied to correlate the liquid-phase activity co-
efficients, the z—y relations and z—t relations of the binary systems. It is noted that the correlation
performance of Wilson equation is slightly better than that of ASOG model for z—t relations, while
it is almost same for z—y relations except water (1)-1, 4-dioxane (2). And the discrepancy from
literature data of z—y relations and z—t relations was dependent on the accuracy for liquid-phase

activity coefficient prediction in general.

Keywords: Vapor-liquid equilibrium, Reduced pressures, Activity coefficient, Wilson equation,
ASOG model

Toru WATANABE, Katsumi HONDA and Yasuhiko ARAI
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#£ 1 Antoine &\,

29

WE A B C P [mmHg] I
~NTF Y 6.9024 1268.12 216.900 760 4
6.89798 1265.23 216.533 400, 200, 100 4
Mrxy 6.95334 1343.94 219.377 760 4
6.96554 1351.27 220.191 400 4
6.95755 1346.38 219.642 200, 100 4
1—7/%/—) 7.65521 1462.06 188.7 760, 100 4
IFNURVEY 6.95719 1424.26 213.206 760, 100 4
IF)—N 8.24739 1670.41 232.959 760 4
8.04494 1554.3  222.65 500, 250, 100, 50 4
& 7.95864 1663.13 227.528 760 (=¥ . —N—KFK) 4
7.96681 1668.21 228 760 (1,4V4 ¥4 v—Kk%k) 3
7.96681 1668.21 228 500 4
8.10765 1750.29 235 250, 100, 50 4
1,44 4> 7.91892 1895.997 275.18 760, 100, 50 3

logpf = A— B/(t+ O), p] : #KUE [mmHg], t['C]

£ 2 Wilson RD/8F X —%

2 FRAT % A2 Agy  EFEE [mmHg] H#

ATFT V(1) —hrx(2) 0.67523 1.06001 760 4

0.53062 1.18584 400 4

0.53877 1.13425 200 4

0.65849 0.97791 100 4

1—-7%/—n (1) —xFAvEY (2) 0.51310 0.57094 760 4

‘ 0.18033 0.57765 100 4

Iy =N (1)—k (2) 0.22433 0.80814 760 4

0.16240 0.88292 500 4

0.13044 0.96906 250 4

0.15348 0.89934 100 4

0.18482 0.71159 50 4

&K (11,49 F F 4> (2) 0.41605 0.16242 760 3

0.49489 0.22907 100 3

0.42544 0.29351 50 3

% 3 ASOGRD I NV—TF185 A —#6),7)

I CH, ArCH OH [0)
k Mkl Nl Mkl gl Ml gl Ml gl
CH; | O 0 —0.3239 63.41 | —17.9145 3338.2 | —0.60089 | 263.36
ArCH | 0.3169 —76.78 | 0 0 0.98507 | —482.72 — —
OH 2.0466 | —1328.9 | —0.2545 | —407.8 0 0 0.1846 | —206.2

(@) 0.3329 | —192.8 — o —0.54804 165.3 0 0

3.1 Wilson i & 35t 8%
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R4 v uiFH(DﬁfE
% vFH Vi,i Hig
R
~NTF VTI)-})VIV@ 14 uCHz,l =T VArCH,1 = 0 6
g YCH,,2 = 1, YArcH,2 = 6
1—7% =N (1) —xF ARV EY (2) 5 VCH,,1 = 4, VArCH,1 = 0, VOH,1 = 1 6
8 YCH,,2 = 2, YArCH,2 = 6, YOH,2 =0
TN (1)y—K (2) 3 YCH,,1 =2, vOH,1 =1 5
1 ”CH2,2 = 0, VOH,2 =1.6
&K (1)—1, 49X FY (2) 1 VH20,1 = 1.6, VCH2,1 = 0, Vo,l =] 7
6

YH,0,2 =0, YCH,,2 =6, V0,2 =2

&5 ~TFFVY(I)—brzy (2) RBESKFEOHEBREE

ZE AL X100 ATFF[O] Wilson & ASOG R
[mmHg] Wilson X ASOGR Wilson® A ASOG X Ay ¥ * Avg (Av1 + Av9)/2 A~  Avg (A~ + Avg)/2
760 0.33 0.32 0.06 0.36 0.0161 0.0071 0.0116 0.0149 0.0263 0.0206
400 0.49 0.54 0.08 0.44 0.0152 0.0187 0.0170 0.0416 0.0096 0.0256
200 0.57 0.44 0.11 0.21 0.0140 0.0207 0.0174 0.0302 0.0108 0.0205
100 0.46 0.49 0.16 0.13 0.0153 0.0219 0.0186 0.0178 0.0229 0.0204
TR 046 " T0.457TTTT 0.10° 7" 770:29 777 70.0152 0017177 0.0162 77" 0.0261 0.0174 "7 0.0218" "~

n n n
E i E i E i =
*ay = (O Wy nf = vEaio/n, ¥ at = (1 [t "F = t7%50N) /m, »* Ay = (1 InnF = i) /m n =75 %

i,n

£6 1—75 )N (1) —=F N UAE Y (2) RRESIEFE OMHERER

2 Ayq* X100 At *[C) Wilson & ASOG =

[mmHg) WTTWilson ASOGR A~ ™ * A~y (Bv1 ¥+ Bv3)/2  Av; Bz (Al + Dyz)/2
760 1.05 0.66 0.28 0.43 0.0587 0.0295 0.0441 0.0620 0.1026 0.0823
100 1.07 1.27 0.33 0.34 0.1943 0.1081 0.1512 0.0891 0.0393 0.0642

Tyt 106 77787 0.31" 7777073977 770.1265 0.0688 "~ 00977 0.0756 0.0710 "~~~ 0.07337 7"~

RT =¥ /- (1)—K (2) RBRESIE R OFHEBIREER

2FE Ayq*X100 AL**["Q) Wilson & ASOG R
[mmHg] Wilson % ASOG K WilsonXk ASOGR A~y ™ * A~y (Av] F Av2)/2 A~y A~p (Avl F A~g)/2
760 0.06 0.79 0.04 0.34 0.0017 0.0082 0.0050 0.0506 0.0365 0.0436
500 0.52 0.87 0.16 0.33 0.0466 0.0158 0.0312 0.0640 0.0351 0.0496
250 1.48 1.17 0.49 0.48 0.1148 0.0486 0.0817 0.0954 0.0360 0.0657
100 1.31 1.26 0.24 0.36 0.1112 0.0343 0.0728 0.1130 0.0165 0.0648
50 1.88 1.31 0.39 0.75 0.1720 0.0989 0.1355 0.1539 0.0423 0.0981
I L0571 1.087 7777 0.26" """ 0.45° "~ 70.0893 "0.041T " 0.0652 """ 0-0954 "0.0333 7 0.0844" "~

£ 8 K(1)—1,4V% F 4> (2) RRESKFE OFEEREER

2F Ayq*X100 At**[C] Wilson &% ASOG H
[mmHg] Wﬂson% ASOG X WilsonX ASOG R Av; ** Avg (&1 F Av2)/2 Ay Avo  (Avy1 + Av2)/2
760 2.25 3.42 0.41 0.51 0.2365 0.1157 0.1761 0.2021 0.2438 0.2230
100 1.50 2.83 0.26 0.67 0.1371 0.0895 0.1133 0.2060 0.1908 0.1984
__.50 1.67 2.61 0.88 0.35 0.1180 0.1043 0.1112 0.1274 0.1217 0.1246
¥ 181 7T T2 T 0.52° 777051 " 70.1639 0.1032 7777 013835 7777 0.1785 0.1854 " T 0.1820" "
—IFNRVEVR, RTWCLY ) —n—KkR, %8
4. AR R

HEF—F DXL DENKEVEFEBERENKEL L
30T, WET—F LS N7 —5 D 2T,
iz, QIET—FDRD X 2EE~OFERRLT
Fe®, z ®0AZARZ LTz,

REEANTYr—bMVL VR, £6WR1—TF /) —N

WAK—1,49 % F 9 R BT % Wilson K & ASOG
ROMEER2RT. K5»5ET X TR, £ELT
Ayy ¥ Wilson & ASOG Riz DWW TIEE A KEH
B0, At i ZTRTASOGROABKEL R>TW
%, 7ei2L, £8 Tk Ayy 12 ASOG KDOF KA &
{, At i Wilson K& ASOG ROV TIELALE
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Wiz, e, —BECERREOHEME L AIEEE
DREE Ay BREL 2R, Ay, At bREL{Zo
Tw3,

2B, EEITCHI»OM6 ETRI—TY / —
N—ILF VR EFZRDT760 mmHg £ 100 mmHg I
BWTO z—y HBH, -t 8B, z—y1, v2 BHERT.

5. & =

RKEPOHRTEZTO Wilson /57 A —F Ajg&Agy
BREENCB I HHRETH 5720, Atk Wilson R
DHBASOGRID/N&kolcEEzoh 3,

FEDA—1,4AVF FH Y RIEDWT, v 4 v H
BB 2 ED EAVZ. At REREDOWTIE
LAEERE oD, Ay 1k ASOG ROB K &

1 T T T T T T T T T
< 0.5 Pr g .
E Lit. o n
L Wilson Eq. --------- i
ASOGEq. —
0 1 L 1 015 1 L I\ 1
X4

1 1—7% =NV (1)—=FLRYEY (2) FOD
z—y#RE (760 mmHg)

1 T T T T T T T - r
<% 0.5F > |
- I,«'/O @ th 5 N
¥ Wilson Eq. --------- |
ASOG Eg. |
0 1 1 1 1 015 | ( L i
X4

2 1—75 77— (1) —zFLRVEY (2) RO
z—y##K (100 mmHg)

ot 5Bk vEH HizownTRET 3 4E
WhH5,

¥z, BN CEERPOBRENNIVIEE At,
Ay D/NE R0 Tw3,

H2wsashsd ks el—7% ) —VEBERTO
T—% (FREINTHREH0D) OE5DEIZBVT
X, ZORECOWTIRETHS. bRATHMDORIT
DWBTR, Ee2EREsnRrolz,

IR TIX, Wilson RZHWizFAKOBRIERTTo 2.
Z DK, Wilson/$7 XA —% fHiZi¥, 760 mmHg T
BN dbDEHAWED, BETOKEFED IZZR
HFIEIESh S, LaL, NIX—FERBONEE
51, BETOT—F THRE S iz Wilson /87 X —
FEEHVEZHFB LD REFSERMB{ONG,

140 T T T T T T 5 3 T
Lit. o i
Wilson Eq. -------------
130 ASOG Eq. ———— ]|
S

120

B3 1—75/—nA)—FARVYEY (2) FOD
z—t $2B0 (760 mmHg)

80 T T T T T T T T T

Lit. o
5 Wilson Eq. ------------- ]
ASOG Eq.

4 1—7TF =N ()—zFALRVEY (2) ZD
ozt X (100 mmHg)



32 Wilson R & ' ASOG Rz & 2 WET O KK OfE

Lt 70 7T A
I Wilson Eq. ---------

7 ASOG Eq. ]

7 [H

! | 1 L 1 L | 1

0 05 1
X4
5 1—7% 77— (1) —=FNVRrEY (2) ROE
EHRH (760mmHg)

6. %&

BET BT 2KBEFEIZOWT Wilson R &
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ARIZDWTIE L A EZENZ DS, At 1d Wilson
ROFHB ASOGRED/NE oz,

(2) ¥AFHr—AKREZOWTEAL FHRLZOWT
FLAEENREND, Ay X ASOG RDFHE
Wilson RE D KEL oz,

(38) —MBRIIZR—RTIE, Ay B PNEIVIF LAy, At
WNE L 2otz

(4) 58], FRREINTORVRD 7 NV—7%
NI R—F, mpy, nklfo’JZUVk,i, I/iFH%%t‘b,
S FEEOTERLHENEE NS,

il

FERES

ap; =27 V—7 Wilson /$5 X —% H

Mgy Ny = T NV—THF 2 —% . K]
P =2fF [mmHe]
pg =HMiERS i DRRE [mmHg]
p; =51 OSE [mmHg]
T =g [K]

t =RE ['C

vy =5 1 DEVER [em3 /mol]

Ty =8BEFOIA 7k OIN—TEE [
PRk

Lt. %o % a
Wilson Eq, ------------
MY ASOG Eq. ]

7 [

1 ! i 1

0 05 ]
X4

L L 1 1

BM6 1—7%/—nN(A)—ZFNRrEY (2) RO
Ef$ (100mmHg)

T =Mk i FOFA 7 k DT N— [
TEERE
v =4 i DEMHEERE -
A =Wilson E#{ -]
Xij =i~j RATOMHEIERHZANVF—  [J/mol]
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= =
1=R5 1
2=Fk45> 2
i, ky I, m, n=H4%5314 k, I, m, n
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CEER T 4 9 A27H 2>
Rotating Electrode Study on the Fixation Mechanism of Carbon Dioxide

For in-situ study for clarifing the mechanism of the pulsed carbon dioxide reduction at copper

electrodes, rotating disk and ring-disk electrode methods were employed. These methods dos

not require a long term reduction such as an analysis by using gas-chromatograph and liquid-

chromatograph techniques. It was found that some intermidiate formed on the electrode surface

in competition with hydrogen formation play inportant role of methane and ethylene production.

Satoshi ISHIMARU
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EEBEBHROBER, 7L BRIRFEBRTINT
EES LRG3 AL LT, SVABRIC L 28
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PRI HRRL, PORECERT B LBTE
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25, TS DHEER B o 7B I R R 0BT
EThY, EEREROETMCL2EERRTIZI IR
TER,

#Z T, in-situ ZEEEZEEERE (HEY
7T 4 A Bk, BERT 1 X 7 BEE) AW,
Cu BB/ SVAEFEEHALIBED, —BR{LRE
BIEAH =X LT 20T 2T o IO THRE T 3.

2. ® B

BEEY ¥ 77 4 A7 BB, T4 A7ROBEHBE
ZOSMENCEE L) Y IROEBR2EEEI ¥ LI LI
S VEUZERBONTHEFIAT 2 EET, Rin&E
B, PREERECRIGEBCET MRS
BTy,

AW TIE, T4 A 7ERIC Cu (BEE 6rqm) , U
v BRI Pt (P4 Tmm, SME9mm) % fvi,
MBI 1t Pt, H¥EHIZIE SCE Az ¥l
MBI OFELBT 2D 2E/ELL, 41XV
i (Nafion-417) TEEMI LB 258 L. &
VRV No/s 7 ) > 72 X 0 FPOBERELRELR
0.1 M KHCO3 B * A, “BRFZERTRICIE
CO 7Y 7 R ERATY, CO288M %2 fRIFL 2.

PNV AEBREIL, R AFVBIVZF Vo 2E

0.9cm motor speed
0.7 cm, controller

function

0.6cm NIKKOKEISOKU
> generator
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= S
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VD RD RI
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BT 2%l (7/—FBAOV (vs. SCE), #Y—F
ENTI—2.5V (vs. SCE) 2% hZh 5B 2
TiTo723), HiE) v 77 1 A7 BEEICE BHE
X, () HEFHHISOEBER2FEALTTY, IYEa—
SHEHEILT 4 VI VA vyuRa—7 (HIETF (%)
BVC-6524) I D T4 A7 BLVY ¥ 7 EBHRES
L, ZTOLEDY Y ITEBOEAIIX 0.2V (vs.
SCE) kl7z. ZDY Y7 EBMREFEE X UKFEEE
BTs3BITH 25, M1CHERERT.
7B, TRTCOERIIER (25°C) TiTo7.

3. RBRBERBIUBE

2 ICEBEEES w = 2000rpm, T 4 A 7 BRI
t=0T-25V (vs. SCE) O/SVAZHIL L &
DT A A7 BB IV Y 7EBRERT. IF Ny &L
TRENZHEIZERETIZ CO2Z2HAL TWRY,
TROLEFBRELRET ZHO NoX T Y 7D
AToTBEDBDTHD, CO0BTIALI o T
ZWREIZH Z CIBORFTH No& LTRT) ., —
#, COk LTRENDFEHITEMIETIC COx %288
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TEzonD. n IRIGETE, Fi37 77 7%,
SREBER, CRRIGED V7 EE, v IZEEE
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Nz, RERICZBEETO COon LR, EERIK
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IEEELTREISEEZI 6015,
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A Study on The Mechanisms of Shear Resistance
of Reinforced Concrete Columns

The research reported herein is a study on the mechanisms of shear resistance of reinforced

concrete columns. Intensive studies on the reinforced concrete members have been conducted

over the years by various investigators. The majority of these studies, however, have not been

directed towards studing the unified mechanism of the shear resistance but rather studing only the

fundamental ultimate strength properties of reinforced concrete members. The shear behavior of

a reinforced concrete members is very complex. In this study, Z-typed failure model and incline

typed failure model have been proposed to study the mechanisms of shear resistance. Bending

shear cracking strength, shear cracking strength and ultimate shear strength of reinforced concrete

columns have been obtained. The results are discussed on the experimental results by Hirosawa,

Ikeda and Tamano.

Minori TAMANO

1. ¥ C &I

& & ORM - RAREBE TR, AN, WHICRESE
DBEBFEL Tz, FFFar 27V —1vE AT, RC
ELIEET 3) BYO S 5 D% 41 X T
BHET 2R ERMEL x0Tz, 20 RCERMOHE
DERIZ, BEFEIED 5TV D5 O THRINIZIZ
Exvy, &, BEO¥ANMECERTS:E2T
LRSS TRV, BTAMNI X 2#EIZ, SEOAR
STMEORMBILB VT HEOBGHEBEEL &Y,
BYcAS RBER bR LTE LD 23, o
i, BHIO LI b 20EEETHD, BYWOR
BWELROTHED TEERRETH 285, T OHEE
BRAPCHES pER>TuRWY, BEDOLZ 3,
BEROZ LD L LTIE, BEHEERC X 5HRERD s
—DbDEEZLND. o, bI2VEBIERHILT
2720 OFIRK, DORFNLFEEHAS» LR
Tz,

AR, EEPSENEOLRW—RICEE LA
SNTWAREM, WhbWaERE (Y —A/ XUt 2
UEDb®) 2XWRE LUTHITEAROUENLERD
7 BURGEERE E 7 & 8 AW O CEINIR O R B
BEEETVEREEL, IhoBEfge T VIcED
WTOUENE D S KRHEECE S BEBICDWTHE
B2RAATbDOTHS, ZORAMBEEZOWTE,

RIZETHEZEHNS L, RRELHEEERIEILS L
TOWRVWER» S, ZOFfFRLE ANEHIHERHEA
DREBMY LY, VDOTREANBEL2ELC SR
WHBHROBEFEIC ORI Z L 2HELTIT>Tw3
bOThHhD, FHRETE, ERTROIIZV0UE Ry
SR TOE L THIHWERBOEEECDWTO
EZEORER L ANBIBBCET 2 B8 ICOVL T
Tiewms&d 5.

2. RC 0¥ ARESBRBOBRE

2.1 BANBEEBENERE

BT & ¥ AN R FRIC2 0 2 RO M ORI, M
TOERHE->TET B DTS, 1) &Y, Bl
CHITO SN BHEEL, HEOMIMCERZ > TED
VUERIIEHD S EE o, OB bRET S, 2)
Z O T O B DS S BB S S 45 H
fHOVENBFEL, VHO3HITEAROUER
£2%, 3) ZORETEFHENDRVHETHE, 5K
FEOBRIC & o THITFRAMBENRET 2, 4) F
BRSNS VIBE T, BOTEICAD > THD O UHE
NOSERT 2 L L b, HTRAROUENFEELSD
R O EhsSREL TRAMVD UEIh L 5,
5) Z DX, TAMFRHESLEBEC VRS
TREFROaY 7 ) — B3RO ThBEEEREILT
BT 5, %, ZORERVHY 3¥ANSIRME
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E-1 PO UvEhOFRED S ANBEE TORE

(shear tension failure ; STF £ —F) IEATW3,
6) 2z L TR ANTERTES S WIBE T, EE
Boarz)— s SERT I EANTEREEE (shear
compression failure ; SCF €—F) 2#4£¥3, 20
L5 RRAMNCEZVVENDOREL SBHEICES
BEPEEHTE-1IZRT.

2.2 HANBERERBERITOBRE

RC #H O A BIBEERBE O EIT I, AR OREEE
B> THEDBZLET S, 2TUOUVEINBOEE
LT, BIFEANOCERBR 2T R o BIC
BABOUCENET 21T, AMKREOZEEICHE
LT, SRSV WIRE W B Z 3 HiT AN
W D W T 21TV, DL TR AWEIER
B, SAMEERBEICOWIEBHI LT, ThThOR
BE-FRZOWTEDRER = AL EHENLIZT S,
ZOE, ThZhOBEICELC TEBRERICE W
HEHORERRT 3.

2.3 BIBEIFO-HOEEFE
—fROEW T, AN OABEMTERT 2

ZER%L, BEHITE—X Y MBINET B, o,

BT T, BTE— 2> b ERAMTIDNEET

230 LUTEEES. 7272L, ZhZhiKBELTH S

FohTELELARECOVWTIRBEZVHD LT 3,

1) BHTH OBl T3, HABEYS T#kfra s
7V — MESERERE - A OITr, 228
BEED) CLERRECHENT 2, oTC, F
HRFORELRILL, ERAMEOa Y2 - &
UM bIcBIEELE T2, 3V 2 ) — N D3ER
B, #rXReAROUERBERTEEL LT
TS,

2) TAMTRRU ZHMOBITICBEL TR, #hEho%
BFROWTHIRIARERRI T35, ghiH i
FTHREXELIBZVDBDET 3,

3) KRRz F 2 EAME OB L VT HDOBMR
X, BliCRET 3.

24 FRAES

FELZCHERT 25, TANBSBETCRET
s elRE, ZEHRCHEIT S, BB, BAFK
DVTIR, AERZFRAUEE:RER, BRAFEIM
B, B, REERLT OELT S, ZTORLEEREL
D TAIMEDRRBIZMNIT 5.

3. HIFEARTUUEINAE

31 ¥FxE=®E

1) PO SN REBERTORIAMAIER-2 R T
& wHEEERELRET 3. 2) iR e
AV TEIR E R AMITFOTERIE, 22—+ O
BIRISIEDSISVFCE L TRET 2 DD ERET
3, A RFEE L% OMIT O SR S R 5458
MEoBRICELEIC, BCAMOaYy2 Y — b2t
SERAIC & - THERBAROTACEL THO VUV UTER
MBREL, HITRAKVUENh L5, BERERVS
% ecr i3, HITOUBEINREROMTIEIECED
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TEHROEELT 3.
ecr = 1.84/ Fz/Ee, Ec = 1.4 x 10%kg/cm?

3) Z DDV AK VT A, BAENZEFRE»S
Vose = 2ecr £ T 5, 4) MIFOUTENED AB Hiz4
¥'3 interface shear (LITFiZ, AEWVWEAWOES
3) &, ZORBIBTB0UENER0.2mm BE
tl, ZORIMEE OUENIEE OBREEBRIERLD
ED B, 5) OVUENHEIZER L7z £/D dowel action
(UTFTwe, FRIEEAES D) X B3¥ANIGHE, O
VEINIEHHT 1 mm BT ORUINETIZE S AMER
EEDLLRVDTGs-y £T55), 6) EMBOER
DEABIEIE, ZOMEBEIMKIEN I L2 555
FERLZW,

3.2 HIFUOUEHhBERUBMITEARVUI LSS
BT O SN R AR O f 1T R ASE B R U R/INE ST
B (UTwr, EEEELT3) X, TRECX3.

Omax = Mpe/Ze + N/bD (3.1)
Omin = —1.84/Fe (3.2)

ZIT, Z WK EERE LI IR LT 5.

HIFE AR O UENSRET 2ER» SOEE o
OREEW DOE o5 T2 &, ZOLEBRA»SHK
bons,

Zp1 = Omax/(0max — Tmin) (3.3)

3.3 HMFHANOUENAE
BAEIDOD D Huhs,

Cc+Cs—pcTc/V2-Ts=N (3.4)

Co=b-o0c-zn/2 (3.5)

Cg =n-sac-oc(tn —dc)/zn (3.6)

ATs =n - sag - oc(d —an) - (H — zp) 3.7)
[xn/(H —zn)

BoIc = 1.8\/?,; . \/ib(ccb — n) (3.8)

(84) R BEEZRALTEET S L,

N/bD + 1.8/ Fe(zp1 — Tp1) — 0.5-0¢ - Tn1
—Mn-Pc X O'c(wnl -t dcl)/w'n.l +n-peX
oc(d1 — n1) - (H/D — zp1)/2n1

J(H/D = 21) =0
(3.9)

HRIEIE D C BT 5E— XY POD D EVD
5, TRIBERIT 3.

N(zn — D/2+€) =2Cc X zn/3+Cs

X (it'n. = dc) + ATs(d = ‘rn) + (mb == mn)X

(ABQc + 4Qs) + V2pcTc x (zp — zn)/2
(3.10)

22T, ABOZERUTERTERATRbENS,
T O CERE O A EVE AN,

ABQc = b(D —xp)my = fe - Ge - Ypsc(l — 2p1)bD
(3.11)
DEAEVEAAIZEL T, 0 UENES0.2mm T
7o 72288 & 0 BB TS B 120.025L % 3.,
#-T, B11) REEHELTRDLT L,

ABQC = 3.65(; -Ge - VFC/EC
x (1 — zp1)bD
= 0.0387+/ Fe(1 —zp1)bD (3.12)
Kiz, EFOTREABHECOVTIE, VUENIE

231 mm BE 2 CRAMETH Wb O L LTTR
REoTERDLEBLDDELRET 5.

AQs =pt -bD - Gs - Ypse
= pt - bD(0.386E5) X
3.61/Fe/E.

=139-n-pt-4/Fc-bD  (3.13)

e1 =e/D=M/ND=Q(H —zn)/ND
= (H/D - 2n1)Q/N (3.14)

(3.10) R BMWEERALTEET 2 Lt TR 3,

{N(zp1 —0.5)+ Q(H/D — z,1)}/bD
=0c-221/34n pc-0oc X (Tn1—
de1)?/Tn1 +n - pt - oc(dy — Tp1)?
x (H/D = zp1)/2n1/(H/D — zn1)+
0.03874/Fe(1 — zp1) + 1.39n X py

X A/ Fe(zp1 — Tn1) + 1.84/ F¢ X (zp1 — znl)?
(3.15)
HHE (ABCDH) OHDDVEWERDZE, R

ROBRILT 5.

Qbse = cDQc + aBQc + aQs + BcTc/V2
(3.16)
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&EC T,
Tn
CDQC=/ bX Ty X dy
0

— (Q/Im) / " sy x dy
0
= Q(zn/37) (3.17)

zZT, (3.16) Riz (3.8), (3.12), (3.13), (3.17), D
HERERALTbj T EDZ E, XA OENS,

Qbse = {1.27/(1 — z41/3j1) } ¥

{0.0387/Fe + 1.8/ Fe(wp1 —

Tp1) +1.39-n-piy/Fe}bj  (3.18)

22T, j1=0.875d1 kL (3.9), (3.15), (3.18) ®
FRBENL L THEE zn1, 0cy Qpsc FHRET 3.

4. EAUVUEINEE

41 ¥XE=E

1) iF AR O BN BERITIZ, TOERD C
B (WEOBIMMCON THOSEFAOREHIICAD >
THET 3) BHIEMMALETH-> T, ZOREHLE
LT ABCHEHTRMITIC X 3EEER L CAKIC L3
FThERSET 2, AL, BCHRIIGHETHS Z
LS THERRECRWERET 5. 2) #iFo g
NEORANTE A ROFRN L E SO5ENDE
EDENICE-T, BFEOaYZ Y — hflnFHHE
EE[-RoNTH/DVUEINBFET 2, 3) BCHEHOD

H-3 @AM USSR (SR 7 )
A

TR, ZOERRCHTZ D LRET 2. 20D
BOIE/TRERF- 3 R T,

4.2 HUFHtAKOUEARERCETICAHVY
FlNaeEE
EAEOIDODDEVR S, XAB/SNS,

Ce+Cg — pTs — prTc/V2=N (4.1)

ZZT, AFORERE TR TRDbENS,

Ce=b-0c-zn/2 (4.2)

CS' =MnN-g0c - Uc($n = dc)/z‘n (4'3)

FTs =n-sa;-oc(d—zn) - (H - d) (4.4)
[Zn/(H — zn)

BrTo =1.84/F, - \/Eb - (D — zb) (4.5)
(4.1) R AEEPRALCEET S L,
N/bD —0c-2n1/2—n-pc-oc(Tnl —
de1)/Tny +1n-pt - 0c(dl — 2p1) X
(H/D —d1)/zn1/(H/D — xp1) + 1.8 x
AV Fe(l—241)=0 (4.6)
FITED C RT3 E—A Y FODO D EVLH LT
HKVERILT 3.
N(zn —D/2+€) =2Cc -zn/3+
Cs(zn —de) + pTs(d —zn) + rTc X
V2{zn + (D — 2)/2} + Tws(zp — zn)/2 (4.7)
¥ AMTERERE 05 BRIGTE X, BC EOVUEHIHIED
BBV bR TART 2, 2OV UEHRIEIZEA
WMOFRCE2bDEMTICcEEERICEBRSOF
HOREESPRIET 528, ZZTREABOT A
X3 VVENBEOERDOARERT LI LIZT S,
B5ws =’Yscr(z'b = zn)
Yser =2%psc
BAWFERH E—RRCHERT VD LEET 5 &,

BEwt = Bbws/(d — dc) (4.8)
E%B, #oT, BEADOY AW OEHEERR
DREI LB,
Bows = Es - gewt
= Bs - 29psc(zp — 2n)/(d ~ dec)
= 72n\/Fe(zs1 — on1)/

(d1 —de1)s 22 £ owy (4.9)
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Tws = (Tp — Tn) - Gws - BOws/T
=7.2(xp1 — Zn1)? 1 - pw - A/ Fe X
(dy — dc1)bD (4.10)
(47 Rz LBOEERALCEET 3 L TRABES
ha.

{N(zn1 —0.5)+ Q(H/D — zn1)}/bD
= mil ~oe/3+n-pe-oc(@n1 — de1)?
/Tn1 +n-pi-oc(d1 — Tp1)? X (H/D
~d1)/@n1/(H/D = 201) +3.6 X y/Fe
x(1—=p1) - {zn1 + (1 — 2p1)/2} +
1.8vV2n - py - \/F_'c(wm - $n1)2 (4.11)

Z 2T, ABHEOD¥AMERZ, ABHEOMITEAMNE
¥ Ypse & BEEIDRAKOUENIZE 3725 AN
ERBEMI N2, 65T, ANV UTENED AB
HODAEORAMNTABQeCs, ARDYFERII &
BEAMINAQssHE, FREZRS.

ABQcs =2 X ABQc
=20c - Ge - Ypsc(l — zp)bD
= 0.0775‘\/ Fc(l == wbl)bD (4.12)

AQss =24Qs
=278-n-ps-\/Fe-bD (4.13)
28, FROEHOCAK IrQsix, HIFRAKOU
ENFRERED A BOEBHEAR T AQsITEL W,
FQs=139-n-pt-+/Fc-bD

#-T, BFERET 2ROV TENZHT O UEH
HORAMBDZEoTETRZZ NS, ZORAMS
LIRS & ORI IZROBEHRLRILT .

4BQcs + aQss =BrTc/V2+ rQs

24BQc + AQs =1.84/Fc - bD(1 — zp1)
(4.14)

VAU VEINREOR AR, BFEOIDDD
HohoRXRABBLN S,
Qscr = cpQc + FQs + BrTc + Tws (4.15)
(4.15) Riz (4.5), (4.10), (4.14) RERA L CBHE
T2, (4.16a), (4.16b) Rz 3.
Qscr,l ={1.27/(1 - wn1/3j1)} X
{1.84/Fc(1 —zp1) +1.39 n X pt X
VFEe+72n-pw-+/Fe(zp — wnl)z

/(d1 — dc1)}b5 (4.16a)

7213,

Qscr,2 = {1.27/(1 — 2n1/3j1)} X
{0.07754/F(1 — zp1) + 2.78 n X
Pt \/I'Tc+7-2n'zlw- \/F—C(wbl =
zn1)?/(d1 — de1)}bj
UEDHER»®S, j1 = 0.875d; & LT (4.6) R,
(4.11) R, (4.16a) Xix (4.16b) REHIZ L TS
Tnl, 00> Qser,1 X Qscr,2ERD 3,

(4.16b)

4.3 HIFEARVUEAOREEEbEVE EOHA
BroUElhissE

TR AT O CEINREMBEISER W EEL 3 Ll
FEAMOUVENSRET S Z L, PIENE
o FMEFHRAC X 2 RAMVOUENSRET S,
ZDRETR, EBOaIY 7Y - OEHOT AR
BRBEROVTAEBITVIbDLRET S, %
D &DINTREER-4 1ZRT.

EAE DD D Eh S RAMBRILT 5.

Co+Cs—crTe/V2=N (4.17)
el e
orTo =184y/Fc-b-V2(D —z,)  (4.18)

(417) Riz (4.2) R, (4.3) R, (4.4) RALC (4.18)
RERALTHET 3 L ARDESN5.

N/bD — 3Fc - ©n1/4 —pc - oy + 1 - pt X

L—D/2—4—D/2 —4

B4 #HFEARUOUEREFEDZORARVUER
RER (RHENMRERETTL) S5
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Fe(dy — zp1) X (H/D —d1)/zn1/(H
/D—zn1)+1.8\/Fc(1—zn1)=0 (4.19)
FYHEDLYDE—AY OOV EVIE, (411) R
HO—EHMOBE e ANBEZ I TREZ Lo TERbENS,
{N(zny —0.5) + Q(H/D — zp1)}/bD
=5Fc-22,/8+ pc- oy(Tn1 — de1)
+n-pt - Fe(dy — z’nl)z X (H/D —dy)
/zn1/(H/D —zp1) + 1.84/Fc(1 —
Tp1)? (4.20)
Rz, BMTEDOHD DD FWbs 5 XAHRILT 5.

Qsc’r,3 == {1-27/(1 = zn1/3j1)} X

{1391 pt - \/Fe +1.84/Fe(dy —

a’nl)}bj (4.21)

U EDFERIY (4.19) K, (4.20) K, (4.21) R2fE
X, Tnls Oc» Qscr,3%5ky)5.

5. TAMTREMRE

51 #XKR=ZE

REBEOEMCEL TR, 1) KEHERIZL
THERAMEOENE L 0T A0BRIZ2ERTEDLE
N2LOERET 3. 2) KREOIY 7Y —bOIR
HAHEEEREL, TOL EDFE k1 = k3 = 0.85,
ko =k1/2L{EET 3. 3) 2> 27 ) —+OERFVTH

E-5 e ANBSEE (2 BREBEE TL) 5
i

X, ERROBEE TI0.3%, WHRIMEISEEZRE
(pw =2 0.3%) TIF1.05% L3 %, 4) HKEHOK[HE
AMTEEE MRS D1/ V3 ET .

5.2 HF ¥ AR

Z OWEERETIE, A KO33RES, BCEO® AR
AN L bICERL, EREloa> 2 Y -1, &
B EEETREBICH D, ZOIRHIMEREE
H-5wR3. &8, 227V —bOIEHE zn/2005
TnE T Fk LIcBoAHEIRET 3. BiFAEAIDD
DEWHSRADBKILT 5. ac = at.

3Fc-2p1/4+pc-oy —pt-Es-eu X
(d1 — zn1) - (H/D — zp1)/zn1 /(H/
D —zp1) = N/bD (5.1)

ZZT, ABROERDILIIE, TOUVTH e¢ b3
ROT % ey RETIREME, THUETIREELRY,
Z ORFAOFE L L FHOBRRVTHRERNT BT
79—+ ORBEFEOTHO u = eufey OBRIE
RAL23,

zn1 ={(1+uw)H/D —u-zp; }/2 —
{Q+wH/D —u-zy}? — 4d; x
u(H/D — z31)]%%/2 (5.2)

TZT, YV —RANHS2.5, di = 0.85DF[HKMAFE
BOEHTIE, ¥AMBEESIC & 2 HESRINE
u=20BETHE o, 2 0.55 HWEIKEVWU="T
Tl zp1 20.746L 22 L X ITHIEREE RS, fEo
THRAZBEEREFREEHIERREIZH S D
DET3, £, av 27V — b OBEMALIEATIE
BTRERRE?) CL2ERIHLLT (5.1) RO
ﬁllﬁ’é k3 Fc-ky -zpitBEL. BlZ, ar = ac,
k1 =k3 =085 RALCEET 2L, FREX5.,

Zn1 = (N/bD)/0.723F (5.3)
BEADD D Hvb b RRDIRIILT 5.
QBsu =cpQc+ aBQc+ 4Qsp  (5.4)

22T, FIREIEHOS REAMMIZ, ¥ANER
FOFEREERIC & 2 O CEINE D BEEIFBRIC L o
THEL, TOKE 313 ds BEMHE, #IFZ % dL
ELTRATEDLENDZ B DET B,

AQsp = (4ds/3m) x (pt -bD X oy /dL) (5.5)

EBHERC X 2L dL 3, HBROWSMETH B,
D HHWEARICET % EETIX0.2mm L ED
DUENIBI 2% LRIEETIELY, #-5T, 20
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RETO ABE»AGWEAHCOWTIE, BT
INEVDTHERATZ LT 3.
FOVVENBE LT TS BCHIZOWTIEHIDF
FORBESCHT U T ANHERGHHEIIL, FERRR
RECHIBDEREL, TRIEEZHBDELT 3.

T’wy =pw-b- O'w'y(mb - wn) (5'6)

Rz, FWEOa>y27 Y — Mg, @AAEIEHTEEA
Wis71, B2 AMHGERS I X 2 HE O 3 SR
BCH2dbDLT 5, THRFERLLES, 22T
¥ ABREALE0.3% U EE L, FDL & DEAN
WEREIZ & 2T on WTFRIZE 2 E{RET 2.

On =pw - b T -owy/(d—dc)/z
= 1.25py - owy (5.7)

ZOIETIREIZBT B3 7Y — b OBEEEX Mohr-
Coulomb DEARGMHIcHTE,

Tu = Fo/6+ (Fo — Fy) X on/+/Fe\/F;  (58)

T, Ft = F /0L BWTHET 2L, TRATE
bhbans,

Tu = 0.167F. + 2.490,, (5.9)

ay 7V — s HEHREED & 2 0 CD HO¥ AN
DFEIRETH 3, 2 I TREEREIZE T 3 E AN
I L EIZHR L B L REL, TTE»

H-6 A WTRCEE (RIEEREEREE 7V) 57
Farii

5zn /28Tl Tu, LT zn TREL LIBEIRE
LRET 5. CDEOEAMITIRRTRENS,
cDQc =3b Ty -zn /4 (5.10)

REO#HERE (54) RERALTRET S L, RS
BRI B, RV EHE (pw 2 0.3%) TH,

Qpsu,1 = {0.7524,1(0.167F,
+3.56pw - Cwy) +4ds - pt - oy /
97 + Puw + Cwy(Tp1 — Tn1) 1D (5.11a)
HRP+ 2 TRWBETH,
QBsu,2 = {0-125%1 - Fe +4ds - pt X
oy /97 + pw - Cwy(Tp1 — :z:nl)}bD (5.11b)

28, QBsU = Qscr® & XM ¥ AKNKEILIE
Ui,

5.3 HAMSIREERRFEE

ZOWERETIE, THENSVWDIEREH OB
REART 2 ¥ A WTRESRAT DS IR LU T A MTS [IRREBEHIFE
ET2HDLIRET S, - OBERIZBIT3IS/TRE
-6 1R, EfEROa Y 7Y — 1 OEIRER,
B8 A BT OB S L ARICEHIE IR iz b 3

bDERET 5.
HWAEAIODD HvdSRAHBKILT S,
Co+0g —yTs=N (5.12)
ZZC,Co=ks -Fo-ki-on-b (5.13)
Cg = sac-oy (5.14)

A ROFIRENL, HEHER» S ORI AL TR
3b0LLT,

FTS = gt * Es{Eu(d— .’Zln) X
(H—d)/(H—an)/zn} (5.15)
L3, er2L, PENOEHDOVOT A {e} vSEERK
VFdh ey KELZ L ZOIREHOEIL, BRI
B oy L35, —fc, HIFEANBED & & LRk
W, EFHOIIEEEREL EREEE b icBRRRE D
55075,
B ED&MES (5.13) RcRALTEE TS L, KX
CRTHREERS.

k3-Fc k1 -b-zp+pc-bD oy —
pt bD-oy =N (5.16)
—fRIZ, pe=pt, k3 =k1 =0.85, % (5.16) Ricf

AU THIEEREERERD % &, RO (5.3) X
Lz,
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Rz, BEADD D Hvds, ¥ AKGIGRBEER
DRABSIZRD 2 L XRABSB/ SIS,

QstU =cpQc + FQs + Twy (5.17)

CD HORFRE DR AKIEIIX, (5.10) RTHIIG
THRIEIZ B % 238 AWIS BRI CId AL DE 2 HIZ &
BHERMBBNE VB DERET 3, #o7T, TO¥
AFIDORE SR TRICL>TRDENS,

cpQc =0.125b -z, - Fe (5.18)

F AOERO Y RIEAC X 2 AKX (5.5) Ric
X afllic, a>27 ) — MEEIZ X 5> TEF K25 B
TEBEHR> T VVENBFRET B, ZOHEOF R
CAMIN FQsTid, BIEEMLNIZPHDaY 7Y —}
OEEEH0.65D £ L, F; = F./10L LIz TRIZE
ZRES LT3,

FQsT = (b—nm - ds) - F¢ - (0.65D)
=0.065(b — nm - ds)Fe- D (5.19)
ZZT, nm s THAH, dg; EHOFEHELT S,

BAMREEH R T R TERRB S Y, KA TRD
ENsbDLT 3.

Twy = aw ‘O'wy(d_ wn)/z

=b pw - owy(d —zn) (5.20)
(5.17) R BEERALCEET S &,

Qstu = {0.1252,,1 - Fe + 0.065 x
(1 —nm - ds/b)Fe + pw - owy X
(dy —2n1)} x bD (5.21)

MUEDHER»S (5.3) R& D &7 zn1 BRD, R
(6.21) K&V QsrutsEoh s,
ZD L ZORBHMITE—A Y MIRATEDbDENS.,

My =k3-Fc k1 -zn-b(D/2—k1 x

Tn/2) + sac - oy(D/2 — de) +
sat - Oy (D/2 —dy) (5.22)

5.4 HAMWIEMBRIRRME
Z OB, ¥ AN BRBEOREC H- TEAMN
FER BB S IR, ERROa 7Y -}
DUTAHBRRAVTH ey KEL TR 3 LIRET 5.
BARIODD ks, ¥ AN REEER L FiE
2 (5.13)~(5.21) RAERIZL, Z OFERAPILEOIE T
B3 ATKkDENh 3B,

¥ AWTE BREEERF OB S L Bif, SREA0oD
s (5.17) RVWILT 5. 7272L, CDEODORA
W73 A WSROI 2 ER Lz (5.10) Ric & 3
bOLT B, k7, IOMEKTRF A»s HBoE
BoYREHCE2a> 7Y — OB EHAEERS A
v, #oT, ZOWEROSREACX 2 EHOR
AMIFTE (5.5) ROEREAT 5.

Y EORER, ®AMEMERERORAKIIZ, BA
WrsasaE I & D AR (B> 5% D/40 ) 3+
SRS NIZEE (pw 2 0.3%) Ti,

Qscu,1 = [0.125zn1 - Fe + 4ds - pt
Oy /97T + pw - Cwy {2.33zn1 +
(d1 — zn1) }|6D (5.23a)
/AT IC & 2R L BB BVWEE TR,
Qscu,2 = [0-1252n1 - Fe +4ds - pt X
oy /97 + Puw - Cwy(d1 — Tn1)]bD
(5.23b)

UEORREY, (63) REME z,1 2 RKD, RiT
(5.23a), (5.23b) K&V QscyBHRET 5.

6. BREDOEERERICN T SR

6.1 HIFEAMUUEIN, ¢ANVUEARU AN
SIRmEER o T B4Rt
HEAAEIE RS 84-Cl2HEE
£ B OELRERD
1) RBRMEIR ;b x D = 20 x 20cm?, H/D = 2.5,
d=17cm, dc = dt= 3cm
2) & 5 : pr = 1.94% (2 — D22),
pw = 0.28% (64 — @100)
3) MEEEEED ;
Fe = 213.3kg/cm?2, oy = 3650kg/cm?,
owy = 3270kg/cm?,
BAREEE  N/bD = 40kg/cm?
4) EBEHER (4, kg/cm2) 3
B0 CEINEF | Qpe = 4.00(T = 13.44),
| AN O U EINEE ; Qbsc = 4-50(’7’ =) 15.1),
*E'/uﬁﬁUU%lJnB% 7 Qsc’r‘ s 7.25(7’ = 24.37),
BRARER ; QsTu = 9.75(T = 32.8)
BT — N ;¥ AW R
5) B O UEINEBER URENME
Ze = 2474 x 103¢cm®, N/bD = 40kg/cm? Xk
D, TROEER3,
My = 164.00 x 103kg - cm, Qp, = 3280kg (£
M), 65T, HIFRAKOCEWRERERSRUE
Sthix, ROEEE S,

zp = 16.03cm, z7 = 0.802
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6) EHIT¥ANU CEINEE 8) ¥ AMTEIERmIE .
(3.6) Rz HfEERAL, (5.17) R&EY 21 = 0259, ZORER%E

(5.23.b) RIZRAL THAWBIERBIEROKR
AT ERD 2 L AMEBABEEKE {TH
ZROMEEZ> T,

40 4 26.27(zp1 — Tpn1) — 0c - Tn1/2 — 0.291
X0c(Tn1 — 0.168)/zn1 + 0.2910¢ X (0.85
—2n1)(2.5 — 2p1)/2n1 /(2.5 —2p1) =0 (1)
(3.15) Rix, TRr%3.

{40.0(zp1 — 0.5) + (2.5 — 21 )Q/bD} =

oc - 221 /34 0.2910c{(zn1 — 0.168)2/

QsTU = 9,255kg (i, Qscy = 13, T44kg)

6.2 HIFEAMUUEN, tANUCUEHARUEAR

N WEECHT 2R
Tnl + (dl = a’nl) X (2-5 = wbl)/znl/ SREMASTEEES  102-C2-6
(2.5 — n1)} +5.061 x 1073(1 — zpy) + £ B % ibmesD
{5.90 4+ 26.3)(zp1 — Tn1) (2) 1) FHEBRMEIR ;b x D =20 x 20cm?, H/D = 2.5,

d=17cm, dc =d;y =3

(317) Rig, TATERbEh3,
2) 5 pe = 1.94% (2 — D22),

Qbse = {1.27/(1 — zn1/371)} x {5.06 x 1073 pw = 0.56% (66 — @50)
(1 — zp1) + 184/ Fe(@p1 — wn1) +5.90}bj 3) MREREEED ;
(3) F. = 267.0kg/cm?, oy = 3650kg/cm?
ZZT §j1=0875d1 . LT ()R, (2) R, (3) owy = 3270kg/cm?
REFEILL T LROBER LB 5. #i5FAGHE  N/bD = 100.0kg/cm?

Tn1 = 0.703, 0 = 81.5kg/cm?, Qp,c = 5004kg ~ 4) EBH#ER (¢, kg/cm?)
il O U S Qpe = 5.00(7 = 16.81)
7) %Zﬂz?l;f%ﬂfgiﬁ I B VT AT O UIHURE § Qpse = 9.00(7 = 30.25)
(4.6) Rz BHERRAL TEH RRERB, ¥ O UHHS § Qoor = 10.00(r — 33.61)

N/bD —0.5x51 - 0c — 0.2910¢{(xn1 — dc1)/ BAMER ; Qscu = 13.20(1 = 44.37)
zn1 — (d1 —zn1) - (H/D —d1)/xn1 /(H BHRE—F S AN
ID—on)}+ 18V e —zp) =0 (4 5 BUOUHNBERUREE

Ze = 2.474x10%cm®, N/bD = 100kg/cm? & D

Ffkiz, (4.11) RBXRDO LS wRbahs, My, = 320.17x10%kg-cm, Qp, = 6403kg (KEH)
40.0(xpn1 — 0.5) + (2.5 — 2,1)Q/bD = o¢ x zpy = 1147, #oT, FATORE CIIHEITEAN
©21/3 +0.2910c{(zn1 — 0.168)2 + (H/D VUERIEREL 2.

" + % + [0
—dy) - (d1 — 2n1)2/ (2.5 — Tn1)}Ema + 6) HIFRAMOUCENZHEDRLE X OW AR
Elh s
iy Pl —wpa) - I + (3 =137} ERHOTY 7 ) — b OERUT 5 BARE
+24-n-pw - v/ Fe X (zp1 — Tn1)?/(d1 BOVTFAE2ELTHS b0 LEET 5.

—dcl) (5)
Kz, (4.16a) RiFRAD LS eERbIh 3,

100 + 29.41(1 — @p1) — 3F¢ - zp1/4 — 0.0194 X
3650 + 0.291F(dy — xn1) X (H/D —dy)/

Q = {1.27/(1 — 0.381z 1)} x {(1.8x Tn1/(H/D —,1) =0 (7)

Fe(l—zp1)+139n-pt-y/Fc+36n

(4.20) Rz, KORTERbEN 3B,
X pw + A/ Fe(zp1 — Tn1)?/(d1 — de1) }bj

(6) {100(zp1 — 0.5) + (2.5 — ,,1)Q/bD} = 5 x
2
i =R = 1Rke @n1) X (H/D — d1)/2n1/(H/D = ©ny)

Qscr = T248kg +erTe  V2(1 — zp1)/2 ®)
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(4.21) R, j1 = 0.875d; & UTEET 3 &,

Qser,3 = {1.27/(1 — 0.381 - z,,1)} x {1.39

x - pt - \/Fo +1.84/Fo(1 — on1)bj
9
(7)s (8), (9) REEWIIL TS &, RCRTHER
&z,
Tpy = 0.564, oc = 267Tkg/cm?, Qscr3z =
9906kg
7) KREE
(5.3) R& D z,1 = 0520, ZD & & DR/IME
B IR AN IRBUERE QsTu = 13, 954ke
o,

6.3 B AMFEEBF DT REM IS T B4R 5

HBESTLSES  S20-G3

£ B ¥ EF B

1) SRERMEFAR ;b x D =20 x 20ecm?, H/D =2.5

d=17cm, dec =dt =3

2) B B AR AERDS b TR ES R
bOVEMICL SMBAETHY, TOBHEEL
DRI LT A EO—BI 2 R-7 WRT, %
T AW O E R ORISR S kT RS
e UTIO0%BUEEL, 20k Eic¥ AKBIER
BEREXIRRVE DI 21 = 0.65DRIEICHAS
ZEHEY, BEHHOaY 7Y — 0T
R 72D EH» S D/A0EHOFHHHERE %
Bl B, a7V —rOMEZ—RHE
HEnzmELLTn3,
pt = 1.08% (2-D12, 3-D10), BERSAOM
E#iX, D12:; 1.12cm?, D10 ; 0.70cm?,

pw =0.332%
pw =0.121%

(2 — 2.6¢Q16, {5 D/4)
(2 — 2.66@44, D/4> 52.5D)

£ b 38 0 3-2.6¢, aw = 6 X 0.0531, zp =
0.65D, ZZ T, ¥alicHEg L -8EM» 51.5D
¥ TOHFOFHE R FH L TR 2w I,
mean py = 0.159% TH D, FESHAIEDOREEH]
[RfE (pw =0.2%) UTOfEZ>TWS,
3) MEBREIES
¢ = 251kg/cm?, oy = 4000kg/cm?
owy = 3150kg/cm?
BHFEISHE  N/bD = 75.3kg/cm?
) EBHER 1, kg/om?)
BATER ; Qeu = 8,800
B — ¥ TR

5) B0 UEINERE R UEAE

Ze = 1.652x10%¢m3, N/bD = 75.3kg/cm? X D

My, = 171.51 x 103kg - cm, Qp. = 3, 430kg

zpy = 0.725,
6) HIFHREIEE

Mgy = 470.28 x 103kg - cm, Q gy = 9, 405kg
7) HTE AWTRIRREE

QBsu =12,654kg,

BT AT RREE I R & D RE W, fEo

T, ZOBRBRETTHEINT - o8 ARTRIR BT
TAWBERZEC W EBEHOhE R o Tz,

7. ¥ & ®

BT AR ERBICZ O 28 8ia v 2 ) — Y ER
HOOUEINBED 5 KREEICE 2 £ COBFEE
oWT, ZABEEET T L AHERERE T T
NVERAWTEBEROFEE2RAA. ZTLT, bTH
3 BIDOEBRFERICIBE 2\ad3, HERFER I D W T
LCHFELLBEROBEEOERCOWTRAT 2
bz, MBS eHHMETEOTREEIOWTHE
i, EEROWmED 5 DTN ETo7:. ZOMKE
POEBIERTEILIRTELRVY, BHEOERE
205 L, UTET MRS,

1) HifE—2Y b LRABTOEAELETIBER
' ¥ 3 RCEEROENEER, 7 ARk
NEZEBHTRAROUEN, 7L CHEERE
BEE7 VL 3¥AMOUER, B2y
ABTREER, ®AMSIRREE, SAMEREREE T
M— U TS 2 2 L OSHIRETH 5.

Q
—‘H
-+ \ 1
N 2.66 @4.4 N
,
\\‘ /l
\\\ L . o

268 @16 =

P s
{—D/Z———#——D/Z —

B-7 & AWTRER Ik D 72 ORI ER S

—1D/ 4+

D
w
.
N s
%[

—0.65D—4




FHTESSEMEREE £ 325

2) ZOBESIGHTREIZETAEHBEL TR, 3~
7 ) — NREE, Yy —ANNVH, 8iAASH, BlE
gL, CANMERLESORRTSEE TS L
SEbhTwsh, KEFVZLoTR, ThdD
BTORTFEER LU CHITT 2 2 L8k,

3) BT O ENIRE, ¥AKO UERREIZHL T
YRGB IR MR OBENKE L, #©H
FA55K & WA IREITE ARV CEIhIZET
zZ0,

4) HIFRABOUCERZ2EDRVRAKR O UE LR
ERBOGITREICOWTR, EEROoav 7Y —
MRBREECEL TN,

5) ¥ANTREBSD RS ORER, kK, A
WERBELE Sbh T &k, BTk 3 LiER
AWML ZTNEEEEbh 3,

6) KHBRICFHEINZEHEOYAMBE 2L
TERHITR, EEE0a> 7Y — FORRERE
DTFAHDREIEFDLLELD S,

7) EfEBoary 2 - ORAROTEEED, L
TRAMSIRBERE L 23 & 5T AKE
R fT 2T AMBEEIZECw»,
2B, ZOFZIEZ, BEORANBEEDIEHEDR D

D—FERLLTUTo72bDTHY, SBEBEREZ2ED

T VEMIcbl 2R ED L TFETH S,

[ B AWFEIR, 1975FICFE LA REERE
X 3 RCERMOWETHELZBL LTToTERD
DTHY, RWERCbloTRVEATERE, &

fi5d - [(EREES]

as BRI D W R

Ay s LA ¥ AT HERRAD O WTE R
b FEDIE

Ch av 2V —sNOEEEN
c: SR OEREEN

D EEORW

d EREw

E. AV 7V —bOY Y IHRE
E, BBOY > T RE

e ARUERE, e =e/D

Fe ;A Y7V — bORGHEMEE, BAHE

Gey, Gs a2V —1, SEHOYE AR
H HEH» SRR E TCORS,

H/D =y x—A Vi
g SR QRS EERE

w OF UVUVENEE be BT, bsc; HITEAMN,
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DI IX100E 282 2B GE2EEL, ELLTH
BN RS 2 N2 TR ARTED USRI O 7 » O KBk
B 2Tol &0z, ZORVERHACDI:>TEYE
HREEDERS, L THAREEOERL S TS
K RO ZHBHEEN. ¥z, ZOWELED
2 HlzoTIE, BFHBEEE - WNKELESE, TEH
EE - FER¥ELEER IV ZEERIE L HL O
BOSELXEEE Lk, 2T LTLE YV EZOH
BERRLIT.
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A Consideration on Restoration of a Karakuri Ningyo

Karakuri Ningyoes (Dolls) are constructed by only mechanical elements without any electrical

or electronic elements. The first objective of this study is to know surprising wisdom of Ningyoshi

(Ningyo designer) that is discovered through restoration of a Chahakobi Ningyo, one of the most

populor Ningyoes among Karakuri Ningyoes. And comparing this restored Ningyo with the another

Ningyo redesigned by introduction of mechatronics is the second objective. As the results, the

essence of mechatronics, the new integration technology of mechanism and electronics are clarified.

Syousaku KINOSHITA, Shinya HARAMAKI and Yoshinori KAWASAKI
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Axial Hole Deviation in Deep Drilling (1st Report)*

—Influence of Misalignments in Drilling System—

Koichi TAGUCHI™, Akio KATSUKI™ and Keizo SAKUMA™

In deep drilling operations, the misalignment of the hole axis tends to deviate from the desired
axis, and this dominant problem occurs frequently. In the present paper, the influence of a pilot
bush, a bar support and a tool holder (or a spindle) on the hole deviation is investigated and the
mechanism of the formation of that deviation is analysed theoretically and verified experimentally.
It is clarified that the machined hole tends to deviate toward the direction of the inclination of
a tool head in the rotating tool system. It is also observed that if the pilot bush or the bar
support (e.g. an oil seal in machining by a BTA tool) is misaligned for the desired axis, the bar
shank bends, makes the tool inclined, and as a result, the machined hole deviates from the desired
axis. If such a process proceeds, the deviation becomes large. On the contrary, in the rotating
workpiece system, the inclination of the tool head usually cannot keep any constant direction on
the workpiece reference system. So it will almost move along the desired axis even if some slight
misalignment exists. Therefore the magnitude of the hole deviation is smaller than that in the

rotating tool system.

Key words: deep drilling, hole accuracy, axial hole deviation, misalignment, mechanism of for-
mation of hole deviation, pilot bush, bar support, rotating-tool system, rotating-

workpiece system

1. Introduction

The hole accuracy is evaluated by hole oversize, roughness, roundness, etc. and some of the factors
which affect them have been previously discussed) 3). In deep hole drilling with gundrills, BTA type tools
and long drills, hole deviation called runout from the desired axis, occurs and sometimes becomes a serious
problem. Particularly, when the ratio of hole length to diameter (L/D) becomes large, the hole deviation
is more serious. It is reported that the main causes of the hole deviation are: misalignment of the axies
of the main spindle and the tool and pilot bush, inclination of the front face of workpiece, incorrect setup
of the workpiece and nonhomogenity of work material4) 5). However, the mechanism of formation of the
hole deviation and the degree of the effects of each factor on it are not clarified precisely.

It is known through experience that drilling with the rotating workpiece and stationary tool system
is superior to the one with the rotating tool and stationary workpiece system, in terms of hole deviation.
However, the mechanism and causes are not clarified yet.

In the present paper, the general tendency of hole deviation and the change of tool attitude when the
hole deviated were examined. The mechanism of the hole deviation was found to result from misalignment
of the machining system. Further, it is discussed why the deviation in the rotating workpiece and stationary

tool system is less than that in the rotating tool and stationary workpiece system.

*Received 18th September, 1994.
** Ariake National College of Technology: 150, Higashihagio-machi, Omuta, 836 Japan
***Faculty of Engineering, Kyushu University: 6-10—1, Hakozaki, Higashi-ku, Fukuoka, 812 Japan
+3—4—5, Hatta, Higashi-ku, Fukuoka, 813 Japan
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2. The effect of misalignment on the tool attitude at the
beginning of machining

The bending stiffness of a deep hole drilling tool is very low due to the large L/D ratio. Therefore, it
is difficult to bear a cutting load on the boring bar. For this reason, a pilot bush is necessary to support
the radial cutting forces acting on the tool at the beginning of cutting.

Deep hole drilling tools are classified into long twist drills, gundrills and BTA system solid boring
tools, etc. Gundrill and BTA tools are basically single edged tools. The guide pads are provided on the
periphery of the tool head and counterbalance the normal forces by contacting the hole wall.

In machining by a gundrill, cutting oil is supplied to the cutting lips through the hollow shank and
returns carrying chips through the space between the hole wall and the V-type groove of the tool shank.
A chip box is mounted behind the pilot bush.

In drilling by a BTA tool, cutting oil is fed through the annular space between the hole wall and the
periphery of the tool, and exhausts through the inside space of the boring bar, carrying the chips with
it. At the entrance of the hole, the workpiece contacts the oil pressure head which holds the pilot bush.
In both machinings, tools are supported by the front pilot bush and the rear oil seal at the beginning
of machining. Therefore it is necessary that the axis of the main spindle, the tool axis, the axis of the
pilot bush and the center of the oil seal are arranged on a straight line which becomes the desired axis of
machined hole. The feeding direction of the workpiece should also be parallel to the straight line. If one
of them runs out from the straight line, the boring bar bends. Then the tool head shifts and/or inclines.
For example, when a pilot bush shifts from the line, the tool head also runs out from the desired axis and
inclines due to the bending of the tool (see Fig.4 (a)).

3. Experimental procedure and apparatus

3.1 Deep hole drilling machine

The deep hole drilling machine used in this experiment was specially designed to be able to drill a
workpiece with a gundrill, as well as a BTA tool with up to 25 mm diameter. This machine consists of a
bed, spindle head, table and pressure head (bush support) (see Fig.1). In the rotating workpiece system,
the chuck fixed on the main spindle holds one end of the workpiece. The pilot bush supports the other
end. The tool is clamped on the table which is fed longitudinally. In the rotating tool system, the tool is
fixed on the main spindle.

In drilling with a gundrill, cutting oil is supplied through the hole of the spindle from the back of the
spindle head. In the case of the BTA tool, oil is supplied through the pressure head in both rotating tool

and rotating workpiece systems.
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3.2 Measurement of the alignment of the machining system

It is very important to measure the alignment of the machining system precisely, particularly in this
study. Precise measurement of the alignment cannot be expected by fixing an indicator on the end of a
cylinder which in turn is held by the revolving spindle, because the cylinder deflects due to the dead weight
of the indicater. Hence a special utensil with a leaf spring at one end of the cylinder was designed (Fig. 2).
The deflection at the front end (stylus) of the leaf spring was measured by strain gauges bonded on the
spring. As the leaf spring was light, the utensil itself did not deflect so much. Furthermore, the ratio of
magnification was very high. The influence of the dead weight of the leaf spring on its deflection during
the rotation of the utensil could be minimized by bonding the strain gage on the position 0.25¢ (£: beam
length) from the fixed end. The amount of strain there became zero. Theoretical deflection of the utensil
was 0.6 um and its sensitivity was 0.86 x 10~ strain/pm. It can be used with 500 times magnification.
The misalignment of the pilot bush and the oil seal, which becomes the support at the mid-point of the
boring bar in machining by a BTA tool, from the spindle axis were measured by holding the utensil by a
chuck. The spindle axis was paralleled to the feeding direction of the table. Inclination of the table was

verified to be very small during machining.

3.3 Measurement of hole deviation

The hole deviation was measured in height using a datum plane on each section of the workpiece. Four
datum planes were made on each workpiece (Fig.3). The depth of hole was 200 mm. After drilling, the
workpiece was cut every 50 mm, then put on a surface plate contacting the datum plane. The center of
the hole was determined by measuring the thickness of two hole walls facing each other with an electric
micrometer. The hole axis was plotted every 5 mm toward the bottom of the hole from the entrance; the

origin was the center of the entrance of the hole.
4. Experimental result

4.1 The influence of misalignment of the pilot bush

The influence of misalignment of the pilot bush from the spindle axis on hole deviation was examined
using a gundrill (Fig. 4). The center line of the chip box was shifted horizontally by about 100 um from the
spindle axis. In this case, an oil seal held by the chip box also moved by the same amount from the spindle
axis as that of the pilot bush. However the oil seal could not restrict the tool shank in this experiment,
because it could move by +0.5mm in the radial direction. Hence, the oil seal could not support the tool
shank in this experiment. Although the tool head inclined when it entered the pilot bush, the inclination
of the tool head was not restricted by the pilot bush for the following reason. When clearance was 10 um
maximum between the tool head and the guide bush, the maximum angle of tool’s inclination became
+3 x 10~4 rad. When the bush was shifted by 100 um, the inclination of tool head became 2.2 x 10~% rad.
Later to exclude the influence of unexpected factors on hole deviation; the experiments were performed in

two such cases that the chip box moved about 100 um toward the front side ((+) on a worker’s side) and
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the back side ((—) opposite on his side).

The deviation from the axis parallel to the spindle axis is shown in Fig.4(b). The origin was the
center of the hole at 5 mm depth. It was apparant that machined holes deviated towards the direction of
misalignment of the pilot bush. Theoretical values relating to the observations in Fig.4(b) are described

later. On the vertical plane, upward deviations were also recognized.

4.2 The influence of misalignment of a bar support (O-ring)

In the experiment using a BTA tool, the O-ring which was in the rear position of the oil pressure head
kept the oil from leaking. It also tightened the boring bar and played the role of a bar-support. The oil
pressure head consisted of the oil-supplying part and bush-supporting part. So the amount of misalignment
of the O-ring was regulated by moving the rear portion of the pressure head horizontally without moving
the front portion.

Experimental results are shown in Fig.5. In the tool rotating and workpiece stationary system, a
hole deviated toward the opposite direction for the direction of misalignment of the O-ring. Further, the
deviation became larger as the depth grew deeper. But, in the rotating workpiece system, the amount of

the hole deviation was very small, i.e., the influence of misalignment of the O-ring was negligible.
5. Mechanism of the hole deviation

5.1 In the rotating tool system

It was made clear by the experiments that the hole deviated when misalignment of bush or bar support
occurred. The hole deviation was large in the rotating tool system. The mechanism of the hole deviation
in this system is discussed in the next section in terms of misalignment of a bush or a bar-support.

If the bush or bar support is misaligned from the spindle axis, the tool shank bar is supported with
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bent attitude and rotates around the bent axis. That is, the tool rotates keeping such a condition and the
whipping phenomenon of the tool does not occur. The tool head rotates keeping a constant angle to the
direction of the desired axis (see Fig.6). When the tool holder is fed by a small amount along the desired
axis, the tool head moves by the same amount along the inclined axis. That is, a hole deviates along the
initial inclination angle ig. Therefore, as machining proceeds, the misalignment of the tool head from the
desired axis increases. At the same time, the inclination of the tool head also increases due to the increase
of the misalignment. As a result, the inclination of the axis of the machined hole increases as machining
proceeds.

Next, in case of the existence of each misalignment of the pilot bush and the bar-support, the mech-
anism of the hole deviation was estimated theoretically, then theoretical values were compared with the
experimental values.

(i) In the case of misalignment of a pilot bush

Galloway (6) analysed the path of the tool head under the following condition.

At the beginnig of machining, because of the initial deflection of tool point, the tool shank itself bends
elastically. Then the tool proceeds along the axis of the shank. At this time, the diametral clearance
between the tool and the hole is as large as the drill can bend without restriction of the hole wall, i.e., the
drill head is simply supported.

When the pilot bush deviates by §5 (Fig. 6) and the point of contact with the front end of the workpiece
shifts from the desired axis, the analysis of Galloway can be applied to the deep hole drilling tool. It is
assumed that the hole is oversized and that the tool head is not restricted by the hole wall even if it inclines.
Here, the inclination ig of the tool head is given with the thrust P as a parameter by

L BmTs . daaa 4}

e B ) 2w Sp e — 1
=g {2+40( )"+ g0 FL) 1)
L _ 4403 [P

I - Pe

where P is the thrust and P, the buckling load. When kL is small (in fact, when the L/D ratio is about
30, it becomes very small), ig is given by
IR @)
0 = aL B
If the tool head proceeds toward the direction of its inclination and keeps to be under a simply

supported condition, then the hole deviation at a depth of Zy can be written as (see Fig. 6)

Bhn = bp @@ on /2D (3)

However, when the diametral clearance between the machined hole and the tool head is small (in fact,
undersized hole is often observed), the tool head is restricted by the inclined hole wall due to a small
amount of the back taper of the periphery of the tool head. In this case, the analysis of Galloway can not
be applied, because the tool head is not supported simply. The tool head moves along the drilled hole in
case the rigidity of the tool shank is weak. That is, the tool head advances keeping the inclination of the

hole near the hole entrance. The hole deviation 6;m at a depth of Zj, is written as

3
Shn = 588 - Zn+6B )

That is, when the pilot bush is misaligned, hole deviation with the tool head restricted by the hole wall
is less than that without tool head restriction. This means that the increase of length of both margin and
guide pad and the reduction of the value of back-taper contribute to the decrease of the hole deviation.
When the condition of restriction is not perfect, hole deviation should become an average of the values
obtained by both Egs. (3) and (4).
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The theoretical values of both Egs. (3) and (4) are depicted in Fig.4. Here, machined holes are
undersized by —5 pm. Their angles of inclination are approximately equal to the values obtained by Eq. 4.
(ii) In case where the misalignment of the bar-support exists

When the misalignment of the bar-support is §s, the tool shank bends and the tool head inclines as
shown in Fig. 7. If the attitude of the boring bar is assumed to be such that one end of boring bar is fixed
at the tool holder, that the other end (top of the tool head) is supported simply and that the middle part is
supported simply, then the inclination i, of the tool head at a depth of Z,, during drilling can be obtained

with the deviations §s and 8y, as parameters by the expression

1| {2L%(t1 — Zn) — A}(3A6;m +665L3)

A=2L3 —3L%(ly + Zn) + (€2 + zn)3

—665L2 (5)

in =

where L is the length of the shank, £1 the distance between the tool-holder and the support at the beginning
of drilling, £ is the distance between the bush and the bar-support, §s the deviation of the bar-support
and 6p,, the deviation of the tool head at a depth of Zy.

‘When the deviation 6s of the bar-support and the initial value §q of the tool head, i. e., bush deviation

are given, the locus of movement of the tool head, i.e., hole deviation is determined by
Spn =6pn—1tin—14Z (6)

where, Z is a small increment of tool movement.
When an undersized hole is produced and the tool head is restricted by the hole wall, the locus of the
tool head is given by
Shnt =1%02n (M
Here, ig is the value at a depth of Z,, = 0.
The experimental result was obtained using a tool with short length guide pads (Fig.5). The hole
deviations were approximately equal to the values estimated by Eq. (6), because holes were oversized. The

deviations curved back a little.

5.2 The difference between the hole deviation in the rotating tool system and that in the
rotating workpiece system

It is known that the hole deviation in machining with the rotating workpiece system is less than

that with the rotating tool system. But the mechanism of the hole deviation is not clarified. Hence, the

influences of the alignments on the hole deviations in both machining systems are compared and discussed.

Suppose that the tool-axis inclines to the workpiece-axis (Fig.8). When a hole deviates from the

desired axis, the tool head should keep an inclined attitude with respect to the desired axis. Since the
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workpiece is stationary in the rotating tool system (see Fig.8(a)), the tool is forced to incline towards
one direction. In the rotating workpiece system, the tool needs to revolve keeping the inclination to the
workpiece-axis (Fig. 8(b)).

Here, the influence of misalignment on the hole deviation is discussed. Firstly, in the case of the
exisistence of misalignment of the bar-support (Fig.5), the tool head can maintain its inclination to the
workpiece-axis in the rotating tool system. But in the rotating workpiece system, the direction of misalign-
ment of the bar-support changes with the rotation of the workpiece. In other words, the direction of the
tool-movement cannot be determined. Therefore, the tool advances along the workpiece-axis, whipping
around the workpiece-axis with the inclination which is caused by the deviation of the bar-support.

Fig.9 shows the hole deviation in the case where the rotation axis of the workpiece does not coincide
with the axis of the bush hole in the rotating workpiece system. Generally, the pilot bush is pressed against
the workpiece in deep hole drilling. It rotates in the rotating workpiece system and is nearly stationary
fixed in the rotating tool system.

Even if the axes of tool-rotation, bush-rotation and tool-holder align, the tool touches the front end of
the workpiece with the inclination to the desired axis if the eccentricity of bush hole exists. And the bush
rotates contacting the workpiece with the same speed of rotation as that of the workpiece. Hence, the tool
keeps the direction of both initial inclination and deviation on the workpiece reference system. And the
theories (Egs. (3) and (4)) about the hole deviation in the rotating tool system can be applied to those in

the rotating workpiece system.

5.3 The influence of misalignment of each part on the hole deviation
From the above mentioned theoretical and experimental points of view, the followings are discussed

regarding influence of the misalignment of each part on the hole deviation.
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Firstly, if the axis of the bush hole in the rotating tool system inclines to or deviates from the spindle
axis (from the rotation axis of the pilot bush in the rotating workpiece system), i.e., if the inclination
and deviation of the tool head which is guided by a pilot bush keeps an unchangeable direction on the
workpiece reference system, then the hole deviates from the desired axis.

Secondly, if the axis of the tool revolution coincides with the desired axis in the rotating tool system,
then deviation and inclination of the tool at the position of the tool-holder never result in hole deviation,
because deviation and inclination of the tool axis are changeable on the workpiece reference system (Fig. 10).
The misalignment of the bar-support causes the hole deviation in the rotating tool system.

As mentioned above, misalignment of each part of the machining system causes little hole deviation
in the rotating workpiece system. Only eccentricity of bush hole causes the hole to deviate slightly. This
is the reason why the hole deviation in the rotating workpiece system is less than that in the rotating tool

system.
6. Conclusions

The influence of misalignment among a spindle, a tool, pilot bush and bar-support on hole deviation
was examined experimentally and theoretically. The results were as following.

(1) A hole deviates towards the direction of the inclination of the tool head, apart from the desired axis,
on both the workpiece and tool reference systems, if the tool head keeps its attitude caused by the
misalignment on the workpiece reference system.

(2) If in the rotating t;)ol system, the pilot bush or the bar-support is misaligned and the bar bends, then
the hole deviates toward the direction of the inclination of the tool head. If the inclination changes
during drilling, the hole deviates towards the direction of the changed inclination.

(3) The state of the hole deviation varies theoretically with the restrictive condition of the tool head due
to the hole wall. It is related to hole oversize.

(4) In the rotating workpiece system, the inclination of the tool head, due to misalignment, does not cause
hole deviation, if the direction of the inclination changes on the workpiece reference system.

(5) Even in the workpiece rotating system, hole deviation cannot be corrected when machining starts from
a deviated point.

(6) Both deviation and inclination of the tool at the position of a tool-holder is not directly related with

hole deviation.
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Axial Hole Deviation in Deep Drilling (2nd Report)*
—Influence of Shape of Workpiece—

Koichi TAGucHI™, Akio KATSUKI™ and Keizo SAKUMA™

The influence of the shape of the workpiece on the hole deviation is studied in various types of
deep hole drilling. In particular the effect of unsymmetric thickness of the hole wall, inclination of
the front work-face and eccentricity of the prebored-hole are discussed. When a workpiece with an
eccentric prebored-hole is drilled, the machined hole deviates towards the direction of the vector of
maximum cutting force. This phenomenon is due to the fact that the hole wall deforms plastically
by the guide pad which supports the cutting force. When the drill cuts near the side work-faces, the
hole curves toward the thinner hole wall. This phenomenon results from the elastic deformation of
the hole wall. And when drilling starts at an inclined front work-face, the hole deviates out at the
work-face toward the direction of the slope. Such a deviation tends to increase with the increase
of cutting depth. The theoretical values of such hole deviation are in good agreement with the
experimental ones. Further, it is shown that subsidiary factors, e.g., tool geometry, pilot bush,

cutting conditions and work material, etc., also cause deviation of the machined hole.

Key words: deep drilling, hole accuracy, axial hole deviation, hole deviation forming mechanism,

workpiece geometry, thinner hole wall, eccentric prebored-hole

1. Introduction

In the previous pa.perl), the influence of the misalignment of machine-setup on hole deviation was
discussed and the following points were clarified theoretically and experimentally. Misalignment of the
pilot bush or middle support makes the tool head inclined to the desired axis. As a result, the hole is
drilled towards the direction of the inclination of the tool head in the case of rotating tool and stationary
workpiece system. If the hole deviates, the inclination of the tool head increases and as a result, the hole
deviates much more. On the other hand, in the case of rotating workpiece and stationary tool system,
the direction of the tool inclination varies during one rotation of the workpiece on the workpiece reference
system. Therefore, the influence of the misalignment on the hole deviation for workpiece is less.

The hole also deviates in drilling the workpieces with an unsymmetric thickness of hole wall and with
an inclined front work-face. In the present paper, the influences of such workpieces on the hole deviation
are discussed and the mechanisms for formation of the hole deviation are clarified. Further, such indirect
factors, as pilot-bush clearance and tool shape are also discussed with regard to their influence on the hole

deviation.
2. Experimental procedure

The hole deviation is caused by a workpiece, whose shape is unsymmetric with respect to the hole axis.

In this experiment, three types of unsymmetric workpieces were used to examine their influences on the
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hole deviation. The first one has an eccentric prebored hole which makes the cutting width vary during
rotation. The second one has an inclined front work-face which makes the tool head shift at the beginning
of cutting. In these two cases, the magnitude of the cutting forces varies during one rotation. The third
one has a thin hole wall on one side of the hole after drilling. The thin wall is deformed elastically by the
guide pads counterbalancing the cutting forces during drilling. The mechanisms of the hole deviation are
discussed later.

In this experiment, a BTA system solid boring tool (20 mm dia.) and gundrills (20 mm dia. and 10 mm
dia.) were used. The experiments were performed with the rotating tool and stationary workpiece system.
Tool geometry and setup are shown in Figs.1 and 2, respectively.

Figure 3 shows the measuring device of hole deviation. The leaf spring is fixed on one end of the
measuring bar. The displacement of the stylus is picked up by the strain gage bonded on the leaf spring.
The workpiece is fed with the table longitudinaly.

3. Experimental results and discussions

3.1 The influence of the eccentricity of
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ing on it. The authors?) already reported that the bored hole was oversized when the compressive force
acting on the chamfer part of the guide pad was large. Figure 4 shows that the chamfer part penetrates
into the hole wall by means of the wedge effect and forms a ridge in front of it. The ridge is cut with every
rotation of the cutting edge. The depth e of the indentation is approximately written as

_ Fc-tan)g

L @
where F¢ is the normal force, w width of guide pad, Ag chamfer angle and Hpg Brinel hardness.

The direction A of the cutting force corresponding to the tool geometry is between 90° and 180°
clockwise from the cutting edge. Therefore the guide pad is set on the circumferential region between 80°
and 185°3). In machining the workpiece with an eccentric prebored-hole, the directions of the maximum
and minimum cutting forces are unvaried on the workpiece reference system (Fig. 5), if the cutting force is
proportional to the cutting width. The directions of these cutting forces are not the same as that of the
deviation of the prebored hole. The value of ) is obtained by the analysis of the cutting forces obtained
by an experiment4), and is 108°. Figure 5 shows the absolute values and directions of hole deviations
at a depth of 200 mm when the workpieces with an eccentric prebored hole (15 mm dia., amount of shift:
ep, 1mm) are machined by a gundrill (20mm dia.). When the workpiece was bored in the rotating tool
and stationary workpiece system, the direction of the amount of shift e, of an eccentric prebored-hole was
changed towards both +z and —z to exclude the unexpected causes of the hole deviation. The direction
/\;1 of the hole deviation is about 110° and corresponds well to that of the maximum cutting force in the
coordinates (z’, y/); the origin is the middle point between two deviations in machining the workpieces
with the eccentric prebored-holes toward +z and —z. That tendency can also be seen in the rotating
workpiece and stationary tool system and the value of the deviation is almost the same as that in the

rotating tool and sta.tiona.fy workpiece system. The value of the eccentricity of the prebored hole is 1 mm
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toward +y in the workpiece reference system. These experiments show that the hole deviation occurs in
both machining systems when workpieces with an eccentric prebored hole are bored.

On the other hand, the value of the hole deviation in machining with a BTA tool was less than that in
machining with a gundrill. Because the chamfer angle Ag of the BTA tool is designed near 10°, but that
of a gundrill is almost 45°. Taking the condition of Eq. (1), the amount of shift e of guide pad is less; the

hole deviation is also small.

3.2 The influence of an inclination of front work-face

When the front work-face is not perpendicular to the machining axis, intermittent cutting is done at
the beginning of cutting as one side of the work-face is cut and the other one is not. To examine the
influence of the inclination of the work-face on hole deviation, workpieces with the work-face inclined at
various angles 6 were drilled with the direction of inclination being on both sides +z and —z. Pilot bushes
with the same inclination angle as the work-face were prepared for the experiment.

Figure 6(a) shows the shape of the pilot bush and workpiece after drilling. It is clear that the hole
deviates from the pilot-bush axis at the work-face. The mechanism of machining is presumed to be the
following. During the intermittent cutting of the inclined work-face, elastic displacement between the pilot
bush holder and workpiece carriage occurs towards the direction on which the uncut hole wall remains,
because the second guide pad supports the radial cutting force. Area A is an uncut hole wall. Area B
of the pilot bush was cut by the corner of the cutting edge, when the second guide pad ran over the
uncut area A with the tool head inclined, after a half rotation of the tool head. As this cutting continues,
with every rotation the hole deviates toward the inclination of the work-face at the beginning of cutting.
After the guide pads have entered the hole, cutting forces are supported by the hole wall and the relative
displacement between the pilot bush and the workpiece disappears. However, the tool head advances
toward the direction of its inclination due to the displacement occurred at the beginning of boring, because
the rigidity of the boring bar is weak.

Figure 6(b) shows the shift of the entrance of the machined hole and the direction of hole deviation in
the z—y coordinates whose origin is the average center of the hole entrances in such a case when workpieces
of angle § (= 0°) work-face inclination are bored. The directions of the slope of the work-face are changed
toward £z directions. In this experiment, the hole deviations toward +y due to an unidentified factor

occurred as shown in the results of # = 0° (Fig.6 (b)). Therefore the discussion about the hole deviation
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should be focused on z direction. As shown in Fig.6 (b), the holes deviate towards the same direction as
the inclination of the work-face. Further, as the inclination angle # becomes larger, the amount of shift of
the hole entrances and hole deviations are larger.

As the tool is supposed to be such a elastic beam that one end is fixed and the other end is simply

suppor’cedl), the theoretical hole deviation in 6, direction at a depth of Z,, is written as
3zn )
She=11+—156 2
he ( + 57 ) %o (2)

where 6y is the deviation at the entrance of the hole.

Figure 6 (b) shows the theoretical values at a depth of Z,, (= 200mm) by the arrows and they corre-
spond to the experimental values. The theoretical value of the deviation toward the +y direction is the
average of the experimental values in each inclined angle. Therefore, it is concluded that the hole deviation
is mainly caused by the shift of the tool head at the work-face. If the bush clearance is large, the deviation
of hole at the beginning of drilling becomes also large. And the condition of the hole deviation is almost

the same as that in the inclination of the work-face.

3.3 The influence of a thin hole wall

To examine the hole deviation in machining thin-wall workpieces, workpieces with various thickness t
of hole wall were prepared, whose thickness t was made to become thin from a depth of 20mm. Tool with
various back taper ratios were prepared. When a thin hole wall is machined, the hole is firstly drilled along
the desired axis at the beginning and then deviates toward the thin hole wall gradually (Fig.7 (b)). The
relationship between the hole deviation § at a depth of 200 mm, the thickness ¢ of the hole wall and the
back taper € is shown in Fig.8. As ¢t and € become smaller, the hole deviation § becomes larger. Figure
9 shows the result in a case where three types of workpieces were drilled by a gundrill (10 mm dia.). Hole
deviations vary according to the types of the work-materials. . The mechanism of hole deviation in the
thin-wall workpiece is discussed in the following.

When the cutting edge cuts the thick hole wall in A of Fig. 10 (a), the thin hole wall slightly bulges by
e1 elastically due to the action of the second guide pad supporting the radial force. Therefore, the uncut

pm -
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Fig. 9 Comparison of work materials on hole Fig. 10 Mechanism of hole deviation
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area appears on the side of the thick hole wall. When the cutting edge comes to the thin hole wall (Fig. 10
(a) B), the second guide pad runs over the uncut area. As a result, the cutting edge moves towards the
thin hole wall. In this condition, the radial force directs toward the direction of thick hole wall and also the
contacting pressure acting on the outer margin is small. Therefore the amount of the elastic deformation
on a thick wall is small. The thick wall deforms by eq elastically. At the same time, it overcuts the part
of the thin hole wall by (e1—eg). If such a cutting mode repeats every rotation, the hole deviates toward
the thin hole wall.

Now, the locus of movement of the tool head is estimated (Fig. 10 (b)). When the hole deviates from
the desired axis, the tool head inclines!). In this case, suppose that the top of the tool head is simply
supported.

The inclination of the tool head is written as

3
i=6 ®3)
where § is the deviation of the top of the tool head. If feed rate is expressed by s, the hole deviation
6n at a depth of Z, (after n rotations) is given by

bn = (in—1-8+8n—1)+eo
n

=ﬂ2%}:ﬁ@o @)
where k = 3s/(2L). Fig. 11 shows the hole deviation in machining the workpieces with a thin hole wall on
one side. By substituting the experimental hole deviation 6599/ (= 1020 pm) at a depth of 200 mm into
Eq. (4), eg is estimated by approximately 0.158 um. Here eg is the displacement of the tool head in one
rotation of a tool and equal to (e; — ez). The calculated value is shown by the dotted line A, but it differs
from the experimental value near the middle of the hole depth. Particularly, near the entrance of the hole,

the tendency of hole deviation is different. Therefore, eg is presumed to be smaller.

Hence, another mechanism about the tool inclination is presumed. When the hole diameter is equal
to or smaller than the tool diameter, the guide pads are restricted by the hole wall and incline along the
inclination of the hole wall. If the inclination of the tool head is equal to the average value of the hole
inclination varying from the bottom of the hole to 44, 7 and 6, can be given by the expression

_ n{n—m/2) )
= ————-€p

. (5)
bn =eg+ip—1-8+en—_1
= eo{n(n +1) —m}/2 6)

Here, m = £ /s and £ is the length of the guide pad.
The hole deviation calculated by Eq.(6) is

shown by the continuous line B in Fig. 11 and cor-

5
i

responds well to the experimental result. In this
case, eg = 0.85 X 104 um. This value is much
smaller than that calculated by Eq.(4). In the

latter mechanism, therefore the hole deviation be-
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Fig. 11 Influence of wall thickness on hole devi-
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When the magnitude of back taper is large and the
hole is oversized, the top of the tool head is simply
supported. Therefore Eq. (4) can be applied and
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the hole deviation becomes small. On the other hand, when the magnitude of back taper is small and the
hole diameter is equal to or smaller than the tool diameter, the tool head is restricted by the hole wall and
its inclination approaches that of the machined hole. In this case, a hole deviates following the large curve
calculated by Eq. (6). Generally the hole deviation is presumed reversely to be small when the magnitude
of back taper is small. The present result therefore is very interesting.

4. The subsidiary factors which influence the hole deviation
(promotive factors)

The hole deviation is caused by the main factors stated above. Here, subsidiary factors are discussed,

which promote or inhibit the influence of the main factors on the hole deviation.

4.1 Factors concerning the machining system (Clearance of pilot bush, etc.)

Even if the bush clearance is large, it does not always cause an inclination of the tool head. However,
in a situation where the pilot-bush clearance is small and the pilot bush has already shifted parallel to
the desired axis, it is presumed that the pilot bush restricts the inclination of the tool head and keeps it
parallel to the desired axis (Fig. 12). In this condition, when tool back taper as well as bush clearance are
smaller, and also when bush length and tool head length are larger, the restriction of the inclination of
the tool head becomes larger. On the other hand, if the hole axis of the pilot bush already inclines, the
diametral clearance between the tool head and the pilot-bush hole must be large so that the tool head does
not move along the inclined pilot bush.

The middle support prevents the V-shape slender shank of a gundrill from whipping due to the cen-
trifugal force, buckling by thrust and vibrating. As the whipping does not cause the hole deviation, the
restriction by the middle support should be weakened to prevent from hole deviation. When an oil seal
with clearance was used, the influence of inclination of the tool head on hole deviation was small in this

experiment.

4.2 Factors concerning the tool
Factors concerning a tool itself do not act with

an unchangeable direction in a workpiece reference Cutting angle

system, because of the relative motion between the o ©e Cutting
tool and the workpiece. Therefore they have no forci\ Supporting
affect directly on hole deviation. In terms of guide fozcd

— ] i

pad, fators which affect iﬁdirectly hole deviation

4 Supporting
force

are cutting force, width of guide pad, magnitude
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Fig. 12 Restriction of tool inclination by guide Fig. 18 Balanching of forces in deep hole
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of back taper and the shape of chamfer of the guide pad. They are related with the amount of tool shift
caused by the pressure acting on the guide pad (Fig. 4 and Eq. (1)), which varies according to the magnitude
of the cutting force. In the case of the machining of a thin-wall workpiece, it is effective to design to shift
the guide pads forward on the tool head, i.e., to reduce oil-clearance F in Fig.1. By the shifting, the
elastic deformation of the thin hole wall decreases for the reason that the supporting point (the location
of the leading edge of guide pad) of a canti-lever approachs to a fixed point (bottom of the hole).

In terms of cutting edge, the following points are described.

In case of the machining of a thin hole wall workpiece (Fig. 10 (a)), the amount of shift of outer corner
of the cutting edge toward the thin hole wall is strongly connected with the magnitude of contact pressure
of the second guide pad located at 180° from the cutting edge. If the radial force produced by the cutting
edge is small, the hole deviation is also small. Therefore, if the cutting edge is designed such that radial
forces are balanced by arranging the outer cutting angle (9 4) and inner cutting angle (6g) (Fig. 13 (a)),
hole deviation becomes less. However, in the case of the machining a workpiece with an eccentric prebored-
hole, the main cutting force influences the hole deviation. To reduce the supporting force of the guide pad,
it is very effective that the cutting edge is designed to be divided into some parts and arranged such that
the main cutting forces acting on each part cancel each other out (e. g. multi-cutting-edged tool shown in
Fig. 13 (b)).

4.3 Workpiece and cutting conditions

In the machining a thin hole wall workpiece, the hole deviation is caused by elastic deformation of the
thin hole wall. Therefore, the elastic modulus of the material relates to the deviation of the hole wall.

In machining a workpiece with an eccentric prebored-hole and nonhomogenious material, the hole
deviation is caused by plastic deformation of the hole wall by the guide pad supporting the cutting forces
(Fig. (4) and Eq. (1)). Therefore, it is influenced by the hardness of work material and the magnitude of
the specific cutting force of material.

The increase of feed rate leads to the decrease of the number n of tool rotations at the same hole
depth. However, if the feed rate is proportional to the cutting force and the hole deviation varies according
to Eq. (6) in a thin hole wall workpiece, the hole deviation is not related to the feed rate. If the ratio of
hole depth to diameter becomes very large, the deflection of the tool shank by thrust is negligible.

5. Conclusions

From the above mentiond experiments and discussions, the mechanism of hole deviation, in a case
where a workpiece of unsymmetric shape is drilled by a single edge tool with a guide pad, can be classified
into the following two cases.

a) A part of the hole wall deforms elastically by the contact action of a guide pad.
b) A part of the hole wall deforms plastically by the contact action of a guide pad.

Case (a) occurs when a thin hole wall workpiece is drilled. Hole deviation occurs due to the elastic
deformation of thin hole wall by the guide pad. The hole deviation is caused without a variation of cutting
force.

Case (b) occurs when workpieces with an eccentric prebored-hole and those with an inclined work-face
are cut. Hole deviation occurs due to indentation of the guide pad into the hole wall caused by its wedge
effect.

In addition, the bush clearance and length, the condition of a middle support, the shape of the cutting
edge, width of the guide pad, the elastic modulus of the work material and feed rate are subsidiary causes,
which promote or restrict the hole deviation.
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On the Education of Transient Phenomena using Spread Sheet

It is difficult for many students to image the transient phenomena. In this paper, an attempt

to help their understanding is described. Using a spread sheet and graphical tools, the change of

the current waveform due to the RLC-circuit parameters can be easily checked. It is useful for

most students to get the images of the transient phenomena.
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The IP connection of LAN in the Department of Electoronics and
Information Engineering (E.I. E)

Last April, We have changed the connection between KARRN and LAN in our department

to IP-connection from UUCP-connection. The main reason is to make use of the new services

but another one is to master the new technology of the netwok and it’s use. In this paper, we

described the neccesity of IP connection, the plan and process of the change, the install of new

network software and it’s use, the result and after plan.
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A Study of the Feedback Controled CMOS Output Buffer

This paper describes a low noise output buffer circuit controled by feedback signal. Comparing

with the conventional output buffer by means of SPICE simulation, the proposed low noise output

buffer decreases the switching noise due to the parasitic inductance of source/ground lines and the

output ringing due to the impedance mismatch.

Satoshi ISHIMARU
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A Trial Fabrication of MOS Integrated Circuits

— On the Attendance to the Information Technology Seminar
at Kyushu Institute of Technology —

The integrated circuits of the p-channel MOS transistors have been fabricated on the atten-

dance to the information technology seminar at Kyushu Institute of Technology. The seminar
was so valuable that many basic technical issues which should be used in the education of the

semiconductor devices were included. The preparation of such semiconductor experimental course

has also been made in the department which the author belongs to. In this paper, the fabrica-

tion procedures in the seminar were explained and the present status of the experiments in the

department was mentioned.
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Between Adam and Jude

Adam of George Eliot’s Adam Bede and Jude of Thomas Hardy’s Jude the Obscure both of

them belong to the same class of society, Adam the carpenter and Jude the stone-mason. I have

examined how they behave.

Kiyoshi NAKAMOTO
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The afternoon sun was warm on the five
workmen there, busy upon doors and window-
frames and wainscoting. A scent of pine-wood
from a tent-like pile of planks outside the open
door mingled itself with the scent of the elder-
bushes which were spreading their summer
snow close to the open window opposite; the
slanting sunbeams shone through the trans-
parent shavings that flew before the steady
plane, and lit up the fine grain of the oak pan-
elling which stood propped against the wall.
On the heap of those soft shavings a rough
grey shepherd-dog had made himself a pleas-
ant bed, and was lying with his nose between
his fore-paws, occasionally wrinkling his brows
to cast a glance at the tallest of the five work-
men, who was carving a shield in the centre of
a wooden mantlepiece. It was to this workman
that the strong baritone belonged which was
heard above the sound of plane and hammer
singing—

‘Awake, my soul, and with the sun

Thy daily stage of duty run;

Shake off dull sloth (p- 49)
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a large-boned muscular man nearly six feet
high, with a back so flat and a head so well
poised that when he drew himself up to take
a more distant survey of his work, he had the
air of a soldier standing at ease. (p. 50)
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‘He’s a regular trump, is Adam,’ said Cap-
tain Donnithorne. ‘When I was a little fel-
low, and Adam was a strapping lad of fifteen,
and taught me carpentering, I used to think if
ever I was a rich sultan, I would make Adam
my grand-vizier. And I believe now, he would
bear the exaltation as well as any poor wise
man in an FEastern story. If ever I live to be a
large-acred man, instead of a poor devil, with
a mortgaged allowance of pocket-money, I'll
have Adam for my right-hand. He shall man-
age my woods for me, for he seems to have
a better notion of those things than any man
I ever met with; and I know he would make
twice the money of them that my grandfather
does, with that miserable old Satchell to man-
age, who understands no more about timber
than an old carp. I’'ve mentioned the subject
to my grandfather once or twice, but for some
reason or other he has a dislike for Adam, and
I can do nothing.’ (p. 106)
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The sound of tools to a clever workman
who loves his work, is like the tentative sounds
of the orchestra to the violinist who has to
bear his part in the overture: the strong fi-
bres begin their accustomed thrill, and what
was a moment before joy, vexation, or ambi-
tion, begins its change into energy. All passion
becomes strength when it has an outlet from
the narrow limits of our personal lot in the
labour of our right arm, the cunning of our
right hand, or the still, creative activity of our
thought. (p. 257)
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It had cost Adam a great deal of trou-
ble, and work in over-hours, to know what he
knew over and above the secrets of his hand-
icraft, and that acquaintance with mechanics
and figures, and the nature of the materials he
worked with, which was made easy to him by
the inborn inherited faculty. ... (p. 258)
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There was a stone-mason of a humble kind
in Alfredston, and as soon as he had found a
substitute for himself in his aunt’s little busi-
ness, he offered his services to this man for
a trifling wage. Here Jude had the oppor-
tunity of learning at least the rudiments of
freestone-working. Some time later he went
to a church-builder in the same place, and un-
der the architect’s direction became handy at
restoring the dilapidated masonries of several
village churches round about.

Not forgetting that he was only following
up this handicraft as a prop to lean on while he
prepared those greater engines which he flat-
tered himself would be better fitted for him,
yet was interested in his pursuit on its own
(p. 38)

account.
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He was young and strong, or he never
could have executed with such zest the under-
takings to which he now applied himself, since
they involved reading most of the night after
working all the day. First he bought a shaded
lamp for four and sixpence, and obtained a
good light. Then he got pens, paper, and such
other necessary books as he had been unable
to obtain elsewhere. Then, to the consterna-
tion of his landlady, he shifted all the furni-
ture of his room—a single one for living and
sleeping—rigged up a curtain on a rope across
the middle, to make a double chamber out of
one, hung up a thick blind that nobody should
know how he was curtailing the hours of sleep,
laid out his books, and sat down. (p.103)
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(Arabella) LW /NBIZEREI N, HBIZV->»
PO HEEE—AD Jude IIEBE L 2T T2 5 L0
Hizhao TS, 2505 REESS 2Tl Tbi
< BRIET QEhih, EEQEAPHTELIIET
3, TIRTRBLERA—RA LIV TABRELT
EoTLE 27D o,

Z LU CERDFIANEHEL DY, 754 A3 Y
R —0DHNZ, HIBNOHMICKEEATRS L, H
ZHENDORRP 5 BFBHIE L RT3 005R
ZTRE, BATHZEHME, BET>H@L, =
DBEERPELAEHEETT I, XFHED OFFEE
ATE. LHEEOH:, HHREEEX T34EBZWOT,
Fa—Fi3OBERLD 2, IEEBKEELEZLT,
ZDZZ0FEIE>THIREY, 7Y —A 91D
(FU¥ 8> FRETEELFEAL.

He was a handy man at his trade, an all-
round man, as artizans in country-towns are
apt to be. In London the man who carves

the boss or knob of leafage declines to cut the
fragment of moulding which merges in that
leafage, as if it were a degradation to do the
second half of one whole. When there was
not much Gothic moulding for Jude to run,
or much windowtracery on the bankers, he
would go out lettering monuments or tomb-
stones, and take a pleasure in the change of
handiwork.

The next time that he saw her was when
he was on a ladder executing a job of this sort
inside one of the churches. There was a short
morning service, and when the parson entered
Jude came down from his ladder, and sat with
the half-dozen people forming the congrega-
tion, till the prayers should be ended, and he

could resume his tapping. (p.115)
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WBHII Lo TREFBRAFRZFCREwEwSRT
H5, NEOEHIIBWT, FATLOBHICAETE
LTEEDEBEELZEDABRHEEL T IHERD
30129, ZZOBHEIRLEELZLDODD—DOTH3
5. Jude BEEOAPTCHTICDIZ->THERL T
WO Z E, HHOILESH YD, BELZ OBF
BASTHEDT, F2a—FRBEBEFETYT, 6 AE
EOEROKRBECEIITT, R -> THERED X
S EB-TwDR o1, ZOR, £ROPIZA2—
(Sue) ODEEFDIzD?Z, KMABOLIFIOFHKIZ T
I—REFDHNEEST, 7+—V—REZLEIL%
BERWE ST, EE->TERTWI-ZDRIFDOLETH-
Jz. Fa—FiX, TOR2—LOHSWIZLY, LB
BEDFEBERDDLILRES,

ZDOB, ELRERCALF Y AE2BABDEL
HWETEF L THBEHA TE:Fa— iz, Bw
o THADL DEERPRKEDBEFCFHREHELT,
FTCOEBOERT S Z LIZHENI LI, KEOLE
HIEA T Wdholz, oo le—EIFREBEDR:
FRZE, ThRHEEOERICE YD, REROM
RBEGICREHN, MOoBEREHRALRZE2 LD bR
NOBEREIDPREVIEES EECET) Ehote,

'Sir, —I have read your letter with in-
terest; and, judging from your description of
yourself as a workingman, I venture to think
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that you will have a much better chance of suc-
cess in life by remaining in your own sphere
and sticking to your trade than by adopting
any other course. That, therefore, is what I
advise you to do.
Yours faithfully, T. Tetuphenay
‘To Mr. J. FAWLEY, Stone-mason.’
(p.140)

bE¥bh¥ TAL, LEERZLEEEI W, REDOY
BCFFRIT b 2B o200 X 5 EiET 3.

(3)

ZZ%7C, Adam t Jude D AT AT, D% DEk
AELUTORERY 2HEATE Db D THS, X
CZOZADEENLHECH U TH o - BE ML
TATz,

7Y AR —NVEGRA F—ROFEWELTWS
AT L RBOEBIT TS, EEEINTADELS %R
KDL S HL.

It is of little use for me to tell you that
Hetty’s cheek was like a rose-petal, that dim-
ples played about her pouting lips, that her
large dark eyes hid a soft roguishness under
their long lashes, and that her curly hair,
though all pushed back under her round cap
while she was at work, stole back in dark del-
icate rings on her forehead, and about her
white shell-like ears; it is of little use for me to
say how lovely was the contour of her pink and
white neckerchief, tucked into her low plum-
coloured stuff bodice, or how the linen butter-
making apron, with its bib, seemed a thing to
be imitated in silk by duchesses, since it fell in
such charming lines, or how her brown stock-
ings and thick-soled buckled shoes lost all that
clumsiness which they must certainly have had
when empty of her foot and ankle; —of little
use, unless you have seen a woman who af-
fected you as Hetty affected her beholders, for
otherwise, though you might conjure up the
image of a lovely woman, she would not in
the least resemble that distracting kitten-like
maiden. I might mention all the divine charms
of a bright spring day, but if you had never in
your life utterly forgotten yourself in straining
your eyes after the mounting lark, or in wan-
dering through the still lanes when the fresh-
opened blossoms fill them with a sacred, silent
beauty like that of fretted aisles, where would

be the use of my descriptive catalogue? I could
never make you know what I meant by a bright
spring day. Hetty’s was a springtide beauty;
it was the beauty of young frisking things,
round-limbed, gambolling, circumventing you
by a false air of innocence—the innocence of
a young star-browed calf, for example, that,
being inclined for a promenade out of bounds,
leads you severe steeple-chase over hedge and
ditch and only comes to a stand in the middle

of a bog. (p-129)

ANTADELEIREOELILEEES. INED LS
ChEW 2L, FEOLSREAZBN TN T, FE
HLWAELZEENTWS, LLrLEDOAT 4 DEL
EDTRBATWEELWBEY 2R, F—KAZWwD
LbOESL»SREVTVS, "TAF 11, HERODOA
PERIEATH BARBSHTWERRIZE, FOLER
WMo THn), PREPETTRELV THALLE
SV, AT 4 IEREBRICENS/INRTH S,

TELARNT A DAz OB E, K
BLRTERVDR, T 4IZEWIITHER. 2L
TR=—Y —YROMEDHIRMY THET7—¥—d,
EADAT 4 CEDDH>T, WBLBROAERRITT
BAR—IVERZ THM T TITL., BRLOEAAT 4
B7 S ABEHFCEREFETCVI0RH0 B35 L
»yRAP—KER "SR A—-VIEDRLTWA TR
E, WOorRBFRZE, 7L LORERT T
HonThH, FROMET7 —F—DEBDOHEDT
L{ft&x &5 D72,

HBH, 7¥LRT7——BERCREZEFHNED
72 % O ¥EMESZ T T, Donnithorne Chase % - T
Ba%&G, 7—Y—e~T 4 DEFOFFEERTLE
3., TELART =Y —8B~TF 4 ~OBSOFEHD D
OEEBERE-oTwS LBwRAAR, BRCHET 3. —
H7 =Y =37 T LDONT 4 ~NOKFEHS T, HO
FEHNELWEERITLISRALBVLIRT, AT 42
SRT7T - —DEL DI TWB LA L, BE
EROBE L HESEE R R TEBL, KERit-T
ZDBDI-BET7 Y —icnTAMLARRES T,
SEORBCBH L EDRENREREL LS, Ly
LRI 2D CRRL o Tz, ~NT 4 IXBEI
7 =Y —DFEFELTAT, KEORLZoIRKON
ANic B OFELFEH D 2R T3 L2 &, &
WEETT, BEENRo 7 —F—2RD THREDKK
CHBZkiezs, ZOBBELTR? —Y—0DF5]
ENRHoTcbDET I AZEBL THE2ELBAR
DIED, FHEANT 4 ODLENRE L BEC X 2178



98 TIAEF 2 — F OERE

THolD72, WBORIZH~ATF 4 137 —— %14
L3 2 L3Ry, 2oFe &L, BIRHEE L Hk
FLWIHAESIC LD A—RA N Y TADFH 23,
BT LEEPRP o HIIE A Y YR - OB 1
FOELORBTREEALIDE 5T,

NT 4 DEHERLATRICE ST, 7Y L20EH
RidFhTliv, HEFORELLTESDED
DIZBAARZRFBIZLTWIS LES, fto THE
DARARH LA, R F—ROALZ TR RALZ T,
WoLDEYDIBIZ, KA P —RADBERIIRTL
354 FOBESELAROBRICE ED205h30D
BERULEIECRD. F4FRRENAFEL- L8
FEPFOTTHELLEEE2ED T ATwE, 2DV
ARAY, BEALOKFEVEZ T, F47E75
LDOEBREEST 20, R LORTIREEBITEL
W, WEEAVFADE L THADBLOEE2E
2T, 7HLDEZEML &, L{HEETES
L, 77 ADFERBLWEENLZEC LI TRHIE2 TR
BT, CIRRHPED CHEHRYREOEEDED
HEsHahTwsE5 B2 3,

BT, Fa—FThH2H, FIdbBRIEIZ, 7
IR EDBEEoIHEES, HRO—FKBBRLLT
WEE-7DT, BF EFELREBIZRE->Tw3
2, BELTRE-TCw3, 294 AT YRI—T
HEiZ 4 2w b Y VizE», XEHOY 2—I2b&o
2. ZL Ty a—%, ABOTELD- I HIS T,
B35 oteds, EOHZHELTIZERVEIT
BRI 2T, 7429 MY UBYa— A
TEDRRTKRET 3,

Fa—FR, ¥Ya—»HBEERICEZLTHE0T
ANF 2 AZ —DEANHE» T TITL, ALELTE
BPORBE L B OOMERMMT S, Ya—id
BERT7 40y Y LBEREREY, ZFEBIEAR
B TRRICEE T 50V THB, Fa—FiES
CEOHBZERBLT, Ya— b XEEREI TV
2%, HBHIAIMBACESE2RL, BECEY ER
Tya—RBFIRIZENS, FESO—EBKERIRT
WEKREITH L TF 2 — RO TFHcr I 2, BES
MESNDE, Fa—FBFELZET IRSTDZ LEFET
E, MR ZARBEBELTCLE> %, L LAER
WIET, 740y VY VIIESERBTHAIEDTER
WERERLT, BBEOFRE 25, EXAREE
BIEOFRs2LoRvEE, NEHERRHET 25
B2, HEDOEERD FTARBROEFELHED 3,

Fa— P ENEEOEBICRELR> TV, ¥
e FGARPIVRAY—~NEBREL, ZOF2—Fx

BIZIEFEAOFES, ‘Old Father Time’ 135 2 —
FETIRTDFTE—RNT VT TERTDRE ST,
ZLUTY a—2oPRTRYBENS LE»ER D
L, ZADEERL, HFLFEATLE S,
Ya—3REESL, REZHFH DD LB R,
SETCHEREHL, ERoBEEH&, FHiEERE
REHEEZ TR DD, 740y b v LD
BHOEIINZZ DR, 7140y MY YOF
FBoTT3., Fa—Vig, FEEERL, HEERD, &
FRBREBAERD, BEOHZVEZHNILT, X
LTHTIRTObRE» P> THIET S, Ll
HSEBEEZ IRTHLT, MdR{EBORIHEDS,
ZLTT IRIVRERMSEER TCEVE-> T 5/
iZ, Fa—Fik, bBFOLEROZSES, ZHEFED
BOEEOHEZALC 20722,

(4)

BEYa—Y - zVXY ML IT7FA - E—=F; @
iz, EZELOZRELIRLO—EROFRIFAFY
ADEZWTHRONIES ZBERMFELZZIES
FTARER, 2—PETHRHCERALLTHE b DL
Bixhs, 22, EER CAM ~OEME®MIE
bLTWBERZ ZEMHKS, Exns0BEN, K
HEFNEXEL, NOBRRIZIEEBBY, BEH
by, BEEDHY, RBLOETER, ThZThO
WETES LTS,

T A ZOBNEREOEELZERE T, HSO
HRCRFHEFFE S, BRCHL T, TARAND
NABEIhTWw3, ZHEEOBBETH, FiA
T ABEVEERFI N L LRI RES LT
b, MLREAONRTHY, KBRE->Tw3, ¥
4T LORBTY, HFER2ABCTs8RRAITCT
b5,

ZhiCR3 &, Fa—FNREHSORBETREEFH
By, BEIREVULFEAL TR, BLHHL
MLELLTCZOMIZENS LI EEEEE->TL
3, A7V =7V —vORNIZHESEZ 206 HTTH
ZURERSBBERTH o7, Fa— FIRESNE
NI BEREFCTHE T ERCEE h 208, £DHH
ERSICHEITEEOBBCEI A » o7, BAN
BHTOHCHE HEOBERITEHTIIRE S R Y,

BOFEAR "TAL, LI HERELZMAS D
HOFRICT EixpoTe, ThiK, WED-DHED
BRI ZEdbdhole, BLOKERD-HR->THK
LTI, BIFEERL CGERES2ERZDS, #
DHDETFITIZA D At Z ERVEIZ, HLUWE
Wi BT 72,



FUHTEREEFIIRICE £ 325 99

ZErOBBRERTAZ L, Fa—FRBEICLHN
DINRT7 I_RZ HERPOKKCRENT, AOHED
B XITHIBL, Z2AORTZRETSIBER.,
HAOBEBEHREL L5 L LT ARERTY, ®L
ERBELTINBNRELT, HEOBLVWES
RUTETY, Ya—28BLT, FLOFZCHELK
MhCEREENS, A=A NSV THLERSRT IR
78, BalebOFRLE> TEN TR TFtOEE
PHZ L E HMEMEEEE L LT W3, 2L THOIEED
%, Ya—PHMZ Lo THENERIZESST, B
K74u9 bV YD ERR-TTL L, Fa—Fid
HEZBENT, FEARBAROEEICL S, ThEFIH
LT, SERROLT IR ELESNTHUE
BAELNTLES, Fa—FiR, HEOZORKLOD
REIETT, KOBVLEY KD, BLETLEBE
BRI BB LWL, BR BRI S
BRIEBRWL,

PRI, & TALT) w3 wiziER UBA ORI
WEZADEART FALAEFa—FERHFLTAHALD
LEUD Bl fEETRB o108, LA SHEBRSNN
Tz k572, BAD THEFE, v 58805 R T
BT ENTERP o, FOELREEIZ, Fa—FO
WA TR LI EOBREZ LS, R
ALLTOF2—ROLEHE D EB T bl
HIThYESR, SEEBLT, HELIIETEA:
HIF, HEHWEEECERSER L TWwEns 7,

Va—Y-x Uy MiIngRu—7ONOH, &
FED, —OOFE UL MRS U, HOBROA
FYROEPOLEE L2 ZFOHICREZISE, 20
Vb IEEE), BERERIRNT ¥ AORRTH S,
FOWMROBTT F 2z H £ CHEMWE KT,
TeDBIDR. ~F 4 DBED, T—V—OFRD,
FEADREL, ZLTEOHROIAF LOMIBY
ZOWHHERK[ICEENTLE S, bhibhidm

HEM» 2720 TH3.

—%, Fa—RFOHRBEWTWwaHETHE, B
TEETHOMATH S, " Au—-F RO LS CEE
UEZE LRy, BhosEEen s, J.S.
INRZ 2 VR EDAINERTY, 75 A0
A oBifitid L OFETH2, Fa—FixZ ol
OHEREMABON E»D T AL OBEE»S>—D
LOBBANAZD LEBABZDRE, N—T 4O L Z
Z2D0ELVER, BRHNETHEORRERZHEPID
Fa—FoftFiciziwn, 2L CHEALESECE X
235 X35 nHTERER TR L ZPRL0, BN
KW HEROBIHLER T, fEaticd BHEEE

BLORPHILEINTVS,

ZH3WHERIZ, Fa—FREScHk, 3 "8
[y 2HE-MELEATIF2— NG, FEkES
DEZRCESRT 3 LOKBh ORIk, FHBIzL
SbhlEREbOE 28T 2085, HEOREMEE
SEISMT TS 2w,

5%k, SO T EREHHERE RIS,
MOBEEFETEF2— FOLEREL O L 2ERE
FObhbHIZEZ T NEDTRENS I »,

1) Thomas Hardy, Jude the Obscure (London:
Macmillan, The Pocket Edition, 1956).

2) George Eliot, Adam Bede (London: Penguin
Classics, 1985).

3) Walter Allen, The English Novel (London: Pen-
guin Books, 1991) p. 221.

4) TORCEFFIE =R (FF5ett 1985).






101

FHIRERESEIHRCE $E 32 5

H Q-»0 BHLCHH CHHERRS E VA S i © F U4 %& O
NI O v 55007 [ RT IREHIZH-F S e |2 2 Wt sua
B YUAS 240 BRI & 40 3KQ 4 ) U R H K WV 5 0 Q a8e°

3

O MEOENURDNI° HWOVEMC a8 g 500 [
i EENEE ) MNEE B EERNY, ) mRm EEE, REN
) 2° Of# WO S 3 vES 83000 (i Ee ) Wik
B B KER [HIEKND] ROV REREAUEER Y O o < KavHi 8
i) K-SRy S0 (Hodin  FRind ) $miH, W, %, #ENS,
O  E=EoRvEg° X [#] S 5e° OfeNE %
R0 O S0 [HHHENER] HnS ik SXEISE Lk Qi #e Rk Y
T © F L2452 L KB © MUstab IR A S il HRmK-HIECHb Kk [RERN
] SH VBRI BREMON [l g~ 90% 0\ 3 0F° SR
HQWEC W) M T IR EREN R © HUER R A% A 6 R A i QI EE © - Dbl O U
H L5445 ] VEERUSY 00 LOREHERKS [Rib] SH U860 | XU

ROW3e° (RN e ) NImER, &, HiNSEE, R NE) "~ SN
B EENE IENS KB Ky BB R RE, WK,
Ky RVRD K B R BE B KR el K B EE7

R T, R R REOE BT <LK <K XK ® I
e, SME| 7 DI R, 6K, SR L i {8, e, B 3T BHERIG. B
HOEE, HERK. o KER,  HKERIKER, KD SR, iR, BRIEDC e
e e mebe

OENE R 1Le<IK° (MR fom ) Bim” #HEN<" fuzf, %
+an_\ amvav

(W) ¢imp [EscE REE] KR
(ME-H ARV | BHR oo D)
(1) BRI [l Q i L O 3 —inlE - #8114 | delk—]
(TEfEE XA SR ] R Suob-R ol Nm)
(N1 [Hombi] S0 MRl AR’ (SOLSHRY ok

HECHAKER MRl k] KX - mURC)

8 Wik

TR
s i
ERNEg
SR M KK
MR
MR
AR E-Ti
R AR
SRR
EREER
BRIRTE
BRI

Emit KR =)

E RN

FO

R W
M.mmummé e
SEgEe 1K

T

OB WK

o e

BUMolV  EEBWNERQ
# U E T QIR
B 1S B Q3R AU <4

@@msﬁsgumnaﬁwu

W4l BLed AJ

%@%wwﬁvmﬁnéuﬁb
340

Y= R RN

BEen

CS VR Vi e U



EREHEERPTR — TRERKR, ER—

102

NEL N M RI N (B SRR w0 G H-ROIHR-ROHF Y S 44
OEO VIRV 4R 5 IV RENIBOR oS Pt R LR 1 e
RN ORS 48Y 1) Y MAQRER O WS RIS Y 1) Y AR
0P 10 QPRI O IR RO Q AQRID RO RO IR IS0 8° — [#kiEK
BB —) [BEKEK] BEDUAQY 1Y R IHEDe° B
RO wWRMN D0 B | ROKEWHe IV ( [HieKrk  fryt)
2MH)

®
(B%EE)
B - 43 s
W O G
BI04 11 BT 22
o0 e
K I HENA L

®00 e00@00 "
e ROBNERE AR | ROERUS RO UV R

< B
& @ .0 Oe 000 @ 131
W3l RIEEEER € BN RERUEUE
%o _,o mu R U R
CO0e e
NG ] QoM
EEd©

0407 S U KMy QRS 30N I S 1114 H HE AL 3R v
DIROF0Q WA KM Qi L HHIEVEE D V10 D S 30 L480°
HEMHALA0 18880 O AR 404 4800 QD AR B0 ° K R A & ) D W IR
BB S & VO 50 QIR O KM QKA G ER A o Y Lty
O 2000 0K 1) QIKMNSIEE ) VI ST 5 ads@-0 § 4880 °

EEd ©

Ommiie  FE-HHCHINS<SHEHVIH<L <X B IKHE (0Tt 14
W ERE ) g o RE N, =4 iR, 18R I ERO-HANSE S0,
Wy (DB oxEEREES ) ARED, 1M, 14K, iR, GIEREN, In° [KEX
FAHE] SHVEREROES ] & MR8 [Fa] [HE] N [HEE] W
[k | (B Temd | [HogR | (] VB 3e° Offtm  m
SU° KHEQHI® g1 +) W BIIHSrIN° OfEE  fEvrea0D Q0
D E0° HERIEVDOD S VIREO NG 5 ° [ Rilkin 2 ) DR
e BT OR2 SR0Q-0° (Hind N ) 8, iR
& OR-DED Koy ) Ot 48400 8.0° 440,00 ° HIig©
O RSNt ONE° (R HE ) B, o, B 298, KA
REH (M) BT <3 RSRC (OHmR  ERE. MEEE, @ bR, K
7 ol YRR R ) BESREEINR AR R R

®
(B-REE )
R B e el
000 e
BRI IR LK
e 00 34
XHEN — b | REANE
+ |

e 680000 e
B e 5 R e N B Ve B v
00 e OO0 eO0 o
KENERENGes 8 MRE S A oass

ElEdR

LS KM O HRIRE ) Qa8 0 04 (4 RRYV) KMo il
P RIS WhaEan” B OV ke Ea K U0 S0 8
RMARIHRQE° OV Ke UV QEWHK SHERGRE“4NO 3
KRG ) ~ LD M2 500 iere°



103

EHEFIFEALE £ 2 5

=

BT

EVEQs [HEOfE] LED VIR DN QKL S X L a0 44°)

[SMELEE] MO RKAE OB MU RRELL LU’ BORAES

BERIAS0 ) sl RIE RV S IHIE S-S LD VbR T K" &

FEAER O U LD 310 500° i Ra0” HEIS [BUE] U [IHDEE

DI S#IR ReH)

sl gUREME S KECEBIe VLR o R

AL B %ﬂbﬁ% SHESMMECRIOHV Y RO0° Hin

OpREUES B UMBVE4° BOED RO R O I

]

| BHROWRIERK VOV U ImIREVEEQT | QUK DR

AER° (MHEREPKIK THBH (PHE) W) Sl onsER)

®
(H-REE)
2 ] Hug
0Oe 00 e o
B E s FUBV AR IES
® OO0 O @
MRK R K LB ean i U0
Rt i
i | M i
beoe R
KIS fing KE oo
e 00 0Cee (ol BN el
KIBIERE SRR TEReK S VRS VRN R
SRINER  RRESE VROV VB RAEER
5
EEd®

HUCHROBER ety (KM QEDH ¢ UaiiRD) R 18 Xy
B D7 R D@ b SN 17 IRIHTS I M © B a0 4B 5 10 4
5o L OB © 490Q° 4843 E S C KE R O o miR Q)

A QKA S IHRARORH DT - S VBN 0D UR B H S M Bk &
WO S 1 5000 T QIR DL B WEIRE o U dE T s SRR
SHIR DM 510° WOV RKECEA L O WIRGRVEE Q0 H AR C i810°

1R XK O B svE DB BN U O g O v e g
LENDRGENO Y I0° | BRIV LR S WY RKEWS Y 1) LR
OASIKEIOIE L QS 1) U A0 R THRH SN L8 O b i -0 4R
-2 O R OH 5 QG ¢ B S Q1A LR S B R SN

~ o

Ened

I ®

Ol HMSRL OO OB MIOHIR® (il BEKHK ) K
o, < (R WdEr ) X< B0 ORE® ®B4wvs
@O (R SXHETR ) HR. HHER < KK By R Sl ME T Sk,
W 68 K-8, ° O Krh4-iK< QIR [ HR  #EmR )
P8 888 |8 55 B, G 80 &8 KH-EE #, $NE
oo (i RER ) KR BE, G B Kbk, bmge Ok
B ae4-hguiho g (Mo SXEiE ) Siilie, SN ° Ol
IREE2C QONM E° (R B ) AR, KENR,~ K 832
o BN, ° G BRET ERE° (Il SEERKiEEaiE ) -l
BEQ sEEEHEE OIJR  17 KEOEEONECIVREY
SR S, X7 T CEREWIE OV (ol BB ) IKMN-48, -1 141
111HBIRER, TER4, RES MR, 8Dk, o, K, °© OMK
WL SHI° X ru© (HriE  FE ) 8, BN, 7 5
NEHES G M ERKEC B0 B Re OB His®
SRR SRl (R K XM ) BEMHKERGEY (&) BERR
e O RUEIXY HICERUEORNVEESVKECEY
O RS |0 [ HIgE KBRS ) bR, B <N oK i e L g
KK RE  BEERES 1K, BNE hHE, L 8° OBg D
R R0 - LE SRR [ B IRIERE ) MR #, =EIWR°
OBRE  NRUMLSeIU° X w4 u° KO Tikd] |
PovEEHesd 5000 [ ME RRKE ) KR#K. B B BKE, B




EREEFRYE — TRERKE) ER—

104

®
(B-REE)
B ] He®
OO0 ee
HHH e i I & 0 O
L J [+]
m%m% BN Lo g
( Mol NoWaMom |
N RIEw B R O Vo da

— B | B S im0t

s

O e @® 0 ® OO0 ® O 00®e

HEA BREEKIENZ SO VRN O Qs A0
KiBROR U~

® 0O0e 00O ee e 0o

HopnisgE EHREREERE-NE M - B 24 )0 18 FRAO SRR IR |
S0

00 e e

RN LSBT R

® O o

wedke _ HAREA2 e ) VB

EES ©

(I M- € W 5 HEHEOER /S XU sQIh HE 448 ¢ WAoo 4800 R 40 ) 46
8t Q KM L QAR HH 1L © W BIMR © HIaw 4B Y IK M- € # L B a8
ROV A~DHR Y 6 £L Y S AR S S A -0 B N 3T H O WV IK M 4B
A QMR AN IR S VR ER LR DO RR Y4
DiERs o O e T X | IR QA8 ) UWER DHNER 4 5 302
IR0 R H H A Q- DHEAOWIR Y 1060 12 4450 © 4810 °

KM 4048 L AS 0 0@ 1) UV IHR S S EWEE 57 IO O Rt R
v 2 0 b el RO VK SIRE ORWIRE OKOKEIEREI-NES
MR UPALAL L IGHH & I B RAE QB8 L SR H 0D | IR

KM SR HE AU 8 S ERV AR VAV R M ES O SR BRERANY €104
WO Il BL0 Y XBOEPUREENRS SOV HOWKRVE
Hifip B s O 0 S SR Q-2 SN VIR R4 50 Y © e
EEAWEIND 500" KO 3 RO CH OBy Ve
RS © QMU P4 3 B 1010040 © (4810°

FEld ©
Ol HGHE? — OHRK R0 VBTN JICRQELHI-
Sy [H R TR N BIR IR © RNV - S R LB
AR Ol S0° BUEH B Qxuans® [ IRB M) M HHEEE, RN
B SO HHEE SRR @ 85 HE BHE B 8o, H
HHHEH, B 48 BT, 7 Bl =) RN 1B BT 17 B0, BRIRNE ©
OEH EBKKE™ VK28R KSHEEWIRD 0 fuw 5 0° (25
HE ) ) BN, (8 BN B, BRKIKER S Of¥ [Re
ut® WOIS v (Rl & ) B GH) BHmT % I
e OB TN IEIN° T AR T I BN Q4 5 O OER

TR 5.2 OGO RS S° MIQIIIVEE DIV Q4% 3 1)
A (R R ) EETEEY fEy, B - R, BUREERE SR, i
BT | ROk, ° Off M0 AR QO 2 0)A° o E0 IR
HP RO mAEE 5 v S (i IEHe ) #ERMRIKE, I, ()
B I, BRIEIG. . ORE [HITSW° WECESHKVERY
EHARVIQUEON-00° B0 [REBEXER] s [#EX
$] CRHVHIRBIRERS 3 KMRECREo/ES" HEL O 0w 3 DK
SHIER” REKCBURVAIVEUNRIIRECRWE 5 Uikl L&

S VRDIb AR (K4 4KHeRR) | VBRWR 300 [HERNEHE] ©

MO EVERESE B K CEHRWEEUL Y 5 e°

(il 454t ) IR e, H, (B9) S, RER,
R frae, N, =, BEE, dm, K8 SR, itk ©
OMalil  FEROVEAOUDIVEERS F4& 5400 (UK U S~ T e ° HIjn®

(feg BE REONS)ROHKS BE =) & e O N
£ (R RERREHRIRN R D ) & S IR LT s (fo




FEMIFBEE £ 32 5

=1

BRI

(B4 )
S i ] WO SV &
SREemE BIRE S VIR O
TR ST O VR
RRXE R A0 BV OO KRS S
N M) AUAWERAG

s BREMES [ B LB S OO Q Bt
| | Bl A JAARER D40

MAM% ul LAYERAUMERAORI S
g B UG5 QBB
BHSMmER HWER

R ] | B R

CHES ©

HHERC DO LRNS RECHKUMNS VHSRESIRO L O
ST S SRR O IR IR L0 B OO 5 A O B2 SR BN
0 500° KM LR A0 R LR N2 O @ | IRIKM- 0V S i
HH QSIS /0 LRI Q480 4 ) U LS HER 4$rQ° $ MRS Bl L i Hu S gk 8
SQAAUNEVEQ R | IRV © 600 © Rt n0 1 ) U RIS AUse° [
RPQIEI<’ BN A< | QIR0 (%R K
BHEI S HTIN-T481°) (MM UIH O V) UG EHE LE) O WV IRKHK 4o 0@ 0 L R T
RN SN O VY EHR RO O Vir0 D HFIRVERE B E IO St
fousBotrt W IRER LB UK VY 5 00°

Els ©

OB  WE° €= 0WwOHIK® RELCKE (KNE" - ek
) SEIRE T 2R, MENR,C BEXE & REBENE ° O
f QU Om EECRIQHSm ({IHIR” #iN- S ) BNk
MR RREE, | < 10 O RO seme O#M#®
v Re (R BE R ) RE B Y GEkaE B<E,
KENE D8 G sl B K. Sty B BEB< B, KB
BMaN® ORE MUE° (oo dhvidnas s &0 < QEHS
OEUE I (iR 2 ) $ENe, o9, B, BK, B, B #°
ORlE  vONTVE BVEDSR° EHVD 5 - B - B O
VIR OBORL° EC MEC (M REHY ) K- NESw, EE
Bl NS OHER K REMER. NE] KUt
£ 5 Q UIE-2fHTH Q8 Lk S HH M © BHTH R M) RANHRIDROAE° [H
B UKS | NBa0re® [ HBY rbEt ARSI | ) SRO0H),, B, 7
=N U SE IS NEN G ERENEN S (N T TNl =h
<tRs NIEEHoNE, b ORBKO [#ifez#] © HW N — 2 wER
AP QUEIQ e (e ® i< ) Hubhi), Kim, BT XEE, B
Hi7 B N B SE<EHrRISIRT [HAURIC, Sy Hitr | K&, e,
) BT, B DT L HRNGR B i IS 1 e B
s HNEE B O ROMS QNI BB 5 0° Wi RiE
MBAR QU< (MY WER) R <zR 2 <0 O®K Ky
oo (H BERY ) B BRY 0 K=ZM° O s
[Efbin] S EEh L O \ERWEE VBRI 4@ KR IRANR 5 T RO 8
RO VI © IR R I ORISR ( Wikl WiE ) BR%, &
B KER, . OFW KHOES OMES Simawhm° e i
@ BE - BSheS0 B - B0 (R RE) BN B9
#, ENK, B, P BN, S, P RENK REL, §° O
230030 Q 1¢:Ju°




BREREEFRPIE — TREREKR, ER—

106

SQQ0° (R ki) & ERE T ER S G MET om,
RE, Emge Ol {Hec” AEE SN HHdE° FEoHY
680 ° RUETIIK Y S0 TR 6 O e S0 i USRS
HEMKANH G HEU-0 RSB Qi L8R S AR Y DN BN
SRR W HN AU D FRRE 12 8750° HEIQ HRAE 0 LRI O WHiKHE Vb HUEE N 4B
OV RAEE O VI E OXEHAE D7 #IW {7 IKEK S I EO°
2N EE R IR O E B S o finee° B L O VRS (IR
HHERR ) SR ENND T IR U Jmy, HEMNGR, RO, e, ©
[EENGE] EOERRKOUBEHERKS [HiRl € | Mugwe® (H
FOREH ) SEXTIDIRED EETREI Y BR8] o B
T 1T SN HET R YT IR0 RO R < Y e
 CHER ™ R B0 o, SN Y BT SRR NPT RIS
BAEES R IK R D B e 80 R R O T N B
D™ ) RS T

@®
_ (B
i el
® O ® 000 e®O0 a0 &
BERRIH <N & < SR Qi Ay LR
® ®OC®0Oe® 00 RO
RRERIN-NITER Horh S S metiEme Ukl o

KRN D DR

ce o00eo0eo [—HEHE i .
HENEE @%ﬁw\ § | E | ERLEENERDS  EEIVERO R0 LR

EERORLO U
00eao o Rwe
K< K#E B Rss

EEl 0

$)A) MK O WK B IRGQUANRQ N < Q0 T U Y B R L 410 1)
AT X IR UGB AR AQURIEAO T REIRC D2
SRS Q UEZ O 510° IKNH QR et~ S xU D4R S -
DAV O QRN NS | RVERD (=K-D) WER S AU S S
oA V00 < QIR 3 4% SHIH K0 5 Q950K D LS SRV U 27
RV LRI A0 Q508K (=0 R) B KaMUA S ko
P10 52 Qe0° KOE21) QKN € 0K RLUEIR IS O 1V 5 00°

2 (@)

O 1H3°  Offi< Demi-uwRoN<0 (i  mN )
<8 ) <R < R0 (<] < 2O BB & IR B S
ROV N ) R4S 5 ° OMREE  -2Z U YUI° YU R0° [ Wi
o ERipEE ) 25 <R © OBR BEECH»OINN FH
(fel ERE ) KR, §0h 0 BE Ba @) B RS @) #
W, 40, NEER, RENE. € @) B O SR g O
ot IR OILDRC (i #0  ) mmie, RERQEES ) &
KL @ I mNfe B 2K B8, S () R, j0T RN
N° Ol o OREEEese° Ofd  #6500° Fi°
B0 [, 4D, B, <EE] Q%R )0 LR O V2R &V
¢ OAES O WHRQ4S S 4% L WlTHne s ) U Q4SO S & O~
V<L QI SIRI° (R ASHER ) S, B, -SRREn, A, KB (K
HE] <M 344 3 s QPRI S8 [KEEM] <omiv 3
AIEHULEOLS LIS OB MU QLR 0462°
OFI L <HOHE® & MHEULQ® SEHRE HERNCHES 1) 5
| RIS QA BEE S BE IR S0 (R ) ER #S° IR
@, SR, B BEED, B0 OEERE, N&K, OB BHUE S VR
AOQERAP (fRd  EREG ) BN K Ty REE




107

THTHEESEMIERREE E 2 5

s O

OmpEE Hha@ O S 88° 49 0 SB[ BGR 7 #ElE ) 14, b~ =8, Kl
ORI R° XONONKUIIE® » QB OIR [ #& XugHs
#) ERRm MM O Rl [ oRY #¥El-10)
HAEHRHE W, R BRKI=E Offm] KRR oHR° &R (i
B ORE KOS®E) KOHE -HOKD @D %7 8 o Rg° Kol
K& mIEEK . FNERD° O%EE  Rorvufdey [ R
EHER ) HIHRES BREKE D WHEEERIT NI HER R
BRI B Frgigmie’ mmoR,. 47 R mmiKET REK. 17
mmNER" ERD° RO [KFEXE] BHUSHRERRS
BRUOY [mMmQEERe 0ve IV 3 i E-28 0 o’ v st
H2 R SR UIER R BENmmQEIT %0 0 MEWIDIN A | e
@)= ~$ﬁ$MMA%&w:&%oab%oT§+ K411 ) B BER, T
W B, K B¢, OB 50 BRC (BN KES H, EBiE
) <RIBS 1 RERR. N° ORm
[Rm#ge] EHRE BER MV IK - SENEEE s H D0 2010 ° [ #inkl
) R, Bm, ) B8R, CERD i BERKER, B, K- B

@ m$mﬁu§
K — B 2K
O ® O O 8230
RUESR&IR oS IR v E
® 006
TRl e
&8 SiERe FAEAVE ORI B U
%
fels wREdibd SR8 R TR IR S
L e,
(RARE:S

WIRD

ERed REVEVE -

i s~ oy O
SRENRE P R
S e N a ik QBRI

EEld0

PP HIH B IR ER” BB IKBMECH U -0 e ¢ K13
adI-Qetd (IKH) HE< QEXWIPNO L5240 48’ (K bR
1) Kb QB K- HE © B Wil v LI D02 8 R4S 5 RV 5 I 240
R8OV SRD A0 S AN GSEEA i o QB S IRV ET.Q
4o Q) AR Q R 30 Qe (eI NIKb IR OR O ke Y
SO ) K QELH 5 W8 ) VRIHSRIIQD (HEIES oYK
E%ﬁv@ﬁ#%ﬁﬁ?%:k%ﬂ%lioﬁw&ﬁ%&oTEAfW%ﬁﬁ
AUSORCRT” & O WHHERELVHEHNA QERMIE” KROB oK
R O WK O oS EERBIS A0 O 1 55020 485000

12 . & @)

Ot 4 0r0° BUKNEREQ® [E] QMY 382 UN 3
D19 Q QEIEN AL B0 L0 10° ORIE 20200 KL R
THHC | RUTSEEE (RS0 S 40 (i dEr ) KRR &
BOREI® O KEW e KRMKECH® NMIREWRAT 0
DA MIKCRS (R ERH ) BN, & SENR. B8R N4, B
NE, O = ®osi® Ok#M BRes° ORE

R CER S HEHOEB® 0Ol 300 (R e ) Ky IR,
W, (i REE ) SR, B, R, o O# W3R
3° ECIAn3° Q4E° #HEe OEfE NIV OV HERORE
n1Q° X KRR A0 OMB  MARSE® X <8-0M3e°
m"ﬁ._.ﬁlu %ﬁ:ﬂuawmﬁ:%%.zui_%:ﬁm‘b% O.mm__.._m @_,Mo .mm




EREAEMTRE — TRERKE, #R—

108

b ) HEAEhENENC {05047 R ik° ORLilf [ mEE] S 2%
OIS QM AUNED HlHh LB KGN © 4% 5 SHIR B M 3 ° [ 224 -
Hhsoik ) BYERCEE” (ST NSNS KRIEE T i piNEL° O ~
SULCMI MU TR L4801 ) AU&R0 300 [ b - 38 ) HugE
" ETRiE e O<# B Krb® <pe° Ofikbr&ir

[HRRi] O [EERTE  ECi RS RE R WS (i)
ORME 1 33maof Sllee (g Ko ) SRR #uEE°
ORt RECHKR S 1w’ Om% B8 5UH° MO & RA$HU°
R4S AUH° Ot RIECURSU#° F T00 O WD 3 4 °
Ot BWESm° BKGUMS © 050w (XB $001 bR
foct | 4w ) SREOUPTHINMEFTHINR SR SUE IO IK |- NHES ) HERInKE-N<
HKEED RRD K-RR RN KOEE HRE ORE o
Rousso® BOSIRKRO<C M) OKE | N0 (" Ky’
B Redes i §2y BRER B BRIRT Reiie (D ONEsdniean ey, 8
7 . B RO B NGB M B0 KERER) BE. B L BRE. #N
<L K Sl SR RERERER i< e Obafg  qu#K°
D0 ° OmmimiERitn  (KEBY MK ) #wn U ! H+-
KRR (SRR HETE) B4 1 +PREEEE BT RERED
B NmirRm” BE<E OXNE [IMONEUBIVORKNEL O
el aGa SV  hatiic: SNV RVA OKKeloHhE (et 924] AOM-13E T 1 3]
SE R BRERE e 100 2800 [ SiihE ) ST
farbiEE (R XN ) R e e K oSN mR
SO O SaingRe TR BT R K O w0 G <H® OlE
HRAK AL SRR S 8100 TH ] BHERKao VEIER CIRE €480 1)
A° TR | HESUEECHV BUELIKIRES NV LSS [{EHE
SKE | MURe® (B «fmX) b EO" BE BEC° HERNSM”
HHE R i 1K B i) S8 N

O)
HKml R (BHREE)
@@@@?m & ] o) Sihemiu s g o
SRR < B0 QS M0 € B S
00 ee y
R BRSO
O ® 00
Hom| 24 R
— =B
(o I el o) O 00 e |_l_.._ﬁ‘_mﬁ o0 Y £ % "
BEREIERE BEutER SBCEE BSOSV EYRG  BREE NS
Woﬁ%nmmnmn WW%W MENES VRV mAROE LU S
{ V-2EAGHURSD
[ el N ]
SHEsRE B R
O ® 00 P-1d ~ i
Kk | s ka8

¥ [O] BHE (@] BKE [O] BHHECEE (@] BKILCEE
[<] BWE [ (] BREVER S-ED°

EEER O

oot 41 R 180 Q HIK M €48 0 SIS 14810° I R EINVRRIN L ©
BROL I 4810° {rIBHEHE QHE © o LRIV O D s IK I a8 Q
RIS 3 £ 3 © KM IO IHER MR Q4% -Q H4%r0° HEHEQ L B m
QBT H4%40 2 IR IER R E-otba a8 S RHIL QUL 4° | IR
S KM © B R Rk LS UK Y Ot J AU IS O IR IE 6~ R S oS AU R
ML AUrQ Y AUEE D Q3 A6 J USRS 3 0 B SO ERAQIE S 14650 1) U4
HROR" BaWHD L /o020 QR LS5O0 Q-2 -0 O -0 454 ) VS QY
1810°



109

FHIXRSEMEREE £ 2 5

RO 14 AR B
EEEEKER SKXEN® Eilioi
D4R 4E° 3Rk °

ERNE" SRm+1 |m” KN-RIA
PHHe <R eRI [
NS HEHEHANIEN® g | YEnf
IoAHa° feIMEINT 1 X" KiEE
BRKE” K R

HKmlaed” B HESR N

HiRRR SFE<HEmNYEe |

HHPEEHRI " B [0 MmUETH m
HE” REMUBER MUE® HINERERSH-ERIR
TR I NID° HkERER RE
GRS REEKIKEEHENG Yo
AN R

A m] 803050 L4000 | dm° RKIRE
WHREQHIAR S VRN S 44 1) AUy
HVEVROKUESVES® HHotbn)-H &
EoVEURR® ks

BEEOK RWORm+11m” KN-Hite-H+
el | <LpBHURRD Rigs\Ilv [E1
i SEMo° fEBf SN VRN &
| i o ik LRI ¢ ° VIS
VKD X S BWEM LAY RO
O ORWER LAY RO
Km0 LRNEQV S 4 H <HOE
WG QIWER Y 491 ) VWSSO
R 3 B <IH QMR SN R ¢
DM ANEA QB | A QLA 4°

o S RIm i v 2l o i o W T
v [N Ble s B s Haad
=° HOERERIR LS I IR0 4 Q18
=) VL4 kSRR L ERRQ VR L
HEAWIE e o KA BT A L B QR LIRS
B ¢ LN R Qi e° QR LN

KORDBEROKE WKL CHE | fi— [BRUKCHVE S QL 0N
S DV <K 5 Qv IEe ) VR a0 utipaire ([8] T
MEa] [ =] w3 MK]) V3aEb” Q=R ibw ) € Zbh
AR S 00° XN ERZ Ha | HEVER At )0 A0 phaboden®

e 14 (KJRO) BRm-1 MUK G " Stk -H+1 <o L

R VOERER®S [HY 3000 B CERNRD2Q e ik
A 2409 Q IR S 3 1248 00-0 © W MNIEK L ER D 4J-P Q LB 48048 3 ° 1)1) Y
HROW 3 r0<52 0 SINRR Y | HEvEEc” mdR MR OSHeavE Y ~°
VI3 BUILT | RYsU2” 5 4O R TERE I LA 1) A
YOI Q2 8P USUR S 3P L4 O V4.0 5° M8 (RE
BIQE-ROREWE R0 VHITHOEECWRWAY VRSO’
ERCMWOISEIRCHE" WAL S GIRCED g ‘R IKH Vi~ -2
HEQ Y a0 S SO 1V 500° ] U4 O D& e°

HNRDW SPRHH<E 1) OREWRE O Vv’ g Do O \villles)
AT [ O UK RER /oo vt 0D 207 I P46e° 40
CHENKS VT HIHREQO SHReeN” BHEciUmE” R (VY
IR ON U SHFRASORT R LERNQA-PROGITE 1K 5 48 S 59K
AN M| °

W BB QHBWEA O L E KA ) R R o IR L4 O
0 ZRRYI VP EERRT KK Q1" T-T LR e firabig D
MRE-DUE S WY 5100 Q00 | SRS Do O S i RoRK
MR QH QS K O<EOFIM LS | HawiE-H O L UEn°® e
HORKNE (Hl-CEok8e°)

HO »

Ok KEWHRe° X K 0 Pisupe® (FBER HukH#n ) S
e R #-0HH KRR () MO Rie<EEH" Kk
RE RR-SEEKERER® OKE RES|#° 8<CLRECEN N
EES e unbds ] R e [E] M=) ) e Mgl o<
ot SEM L IRV O WER S VAo ¢ (XEEEREET R ) #° KRBl
felngd” | MERE REY | BEHEMQEKESC | OKE ERKKEER
RKERIRNS® MR BEKEERKICRKE° (BE% #hie) OREK
HRBH] [ EHRERER (Rm) ORIR  ~DHP e (i) mERE

[EM-2R7 fREH1 (@R I N RIEHRERE PEKmEKE" '
ey | OfffuiIieNE (XM BRREE ) KOENwOiENES #
M" Wikl | &° REemikNEe Offe i ta-NIEN (e




ERERFPTR — TRERKR, EHR—

110

Hobo $m mf - 0T HE BR — THRml e | AR —

g4 #B

A Study of Sugawara Michizane

These are explanatory notes on a fine piece of prose poetry in Chinese written by Sugawara Michizane,

the leading court scholar and poet in the Heian Period.
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